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UNIT . Introduction to Energy Science — Introduction to energy systems and resources: 
Introduction t0 Energy, sustainability & the environment; Overview of energy Systems, 
sources, transformations, efficiency, and storage; Fossil fuels (coal, oil, oil-bearing shale 
and sands, coal gasification) - past, present & future; Remedies & alternatives for fossil 
fuels - biomass, wind, solar, nuclear, wave, tidal and hydrogen; Sustainability and 
environmental trade-offs of different energy systems; possibilities for energy storage or 
regeneration (Ex. Pumped storage hydro power projects, superconductor-based energy 
storages, high efficiency batteries) 

UNIT-Il : Ecosystems — Concept of an ecosystem; Structure and funetion of an ecosystem; 
Producers, consumers and decomposers; Energy flow in the ecosystem; Ecological 
succession; Food chains, food webs and ecological pyramids; Introduction, types, 
characteristic features, structure and function of the following ecosystem (a) Forest 
ecosystem (b) Grassland ecosystem (c) Desert ecosystem (d) Aquatic ecosystems (ponds, 
streams, lakes, rivers, oceans, estuaries) 


UNIT-IIl : Biodiversity and its Conservation # Introduction — Definition: genetic, species 
and ecosystem diversity; Bio-geographicalrelassification of India; Value of biodiversity: 
consumptive use, productive use, social, ethical, aesthetic and option values; Biodiversity at 
global, National and local levels; India asia mega-diversity nation; Hot-spots of biodiversity; 
Threats to biodiversity: habitat loss, poaching of wildlife, man-wildlife conflicts; Endangered 
and endemic species of India; Conservation of biodiversity: In-situ and Ex-situ conservation 
of biodiversity. 


UNIT-IV; Environmental Pollution — Definition, Cause, effects and control measures of 
i pollution, Water pollution; Soil pollution, Marine pollution, Noise pollution, Thermal pollution, 
clear hazards, Solid waste Management: Causes, effects and control measures of urban 
ml Industrial wastes; Role of an individual in prevention of pollution; Pollution case studies; 
i aster management: floods, earthquake, cyclone and landslides. 
RA ‘ Social Issues and the Environment — From Unsustainable t0 Sustainable 
petntalle Urban problems related to energy; Water conservation, rain water ess 
c management: Resettlement and rehabillitation of people; its problems and conce”. 
ase Studies. 
Environmental ethics 
Feo one layer d 
amatiòn; : 
and Control dos n and waste products; Environme palo 
Ct; Forest a Pon) Act; Water (Prevention and control of Pollution) Act Wi 3 
Public aWafeneg On Act; Issues involved in enforcement of environment 


i lobal warming, acid 
Issues and possible solutions. Climate change, 9 Wasteland 


epletion, nuclear accidents and holocaust. Case Studies. i 
dry nt Protection Act; Air (Prevention 
ife Protection 


I legislation; 
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power projecs, supercar based energy storages, high efficiency 
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INTRODUCTION TO 
: ENERGY Science 


n DUCTION TO ENERGY SYSTEMS AND 
TRODUCTIO N TO ENERGY, SUSTAINABIL 
‘ENVIRON \ENT, O VERVIEW OF ENERGY SYST 
i TR) NSFORM ATIONS, EFFICIENCY AND 


RESOURCES, 
ITY AND THE 

EMS, SOURCES, 
STORAGE 


ERE RIE CINE TIRI NEVINA] 


Q.1. What is energy ? 


(ear vallo ecosystems (pon treams, lakes, rivers, oceans, (Gion N Ans. Energy is the capacity of doing work. It is most important and 
UNITA : Biodiversity and its Conservation iiieizicnenennenea primary Input for development. All living organisms needs energy for their 
a peiniton: genetio, Species and ecosystem diversity; Bio- ì fuoons, which they derived from the environment. Man has required and 
Vee coli biodiversiy consumplive use: produciv use, scia ificzi ocaizzin(89 to 92 be: the energy ever since he came on the earth. Primitive man gets energy in 
gione Gi at globe, Nation and local level: Iata elio A ci otm of food by eating plants and animals. Later on he discovered fire and 
Threats al 3 covers babi loss, poaching of wildio, manowiilio condita e? to De ic advancement he discovered various energy sources, which he used 
irta Epp Consenation di biodvers orSevation of biodiversity: In-situ (07 to 104 sì gmestic, industrial, transportation, agricultural and ou needs. 

: Case men olio pag * | E is available in number of forms such as mechanical, DEnea, 
Definition, Cause, etfecis and control a! ss Air pollution MP (105 to Les fun Re , chemical, ‘biological’energy and energy in matter. Energy is also 3 
Do, Gee: o N o mai ci VET DOM (199 1014 the work dpi ant, which îs measured in Jobs () and can be died a 
Da Sar Pra and conto ni s VAR BOLO (148 Da Ri Saia When a force of one Newton moves through one metre. 
Salto sn rai = "E rn 171) dine 83 Îs essential for the economic growth of country/region. 
Aigle tai Wastes ar Causes, etici and GOnIIOI cs Feo Cosi cn atement, (R.G.P.V; June 2009, 2011) 
siii individual in DEVON gf os creta È e 171 t0 19 “Dj L i Or 
UNITY : Social int oot cata, emma ERO Adios (199 to 200 resonre.i fia, 0 a country is linked with the availability of energy 
Goo ainabe CE Ss ; vir ene 1A IISIIES ...........ccsc i ‘n their consumption.” Justify the ur PV, Dec. 2011) 

Come E a i 010 0 Am soy eoumy*s economi 
Climate nia ltcs SUO ang CHE Ag TEGAME (200 10 219 The deve] MED important input in all sectors of any CUM 5 tirecily 
Wa, ' Poca ming raaions i to 219 related to er ca a CO IREYOr Standard of living of 8 pap" ui per capita 

Girelle PIOIEAIO CONSUMENRIEÈ crime 29EI depletion; nuclear 219 to 294 gione Of vari ta cnergy consumption. If we take the ann consumptio”, 
VP FL o e Pi (08 1 2 CCP that per ca It them against per head enerEs Peo" e 
environmental leg hores Sonso an ctrctr, r ot Pollution) Aci Water 37 to 243 elopme » ci Capita energy consumption — capiti income 15 

Saronei tu ioved Tale so I ‘ *9r example, in U.S.A. P© 
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capita energy consumption of U.S 4 . living species of animals or plants influences its environment and 


Pi ‘dia: fhe i ; i si I i 
times more than that of India; sap 150 kWh per year inIndia. Us. Di affected by from it. The magnitude of influence ‘donc Ù. 
8000 KWh per year. a8 GAaT ion consumes 32% of the total ener, ÎN i: limited to a certain extent due to natural barrier f eg 
with only 7% of worlds po A a developing country with over 209, i and animals !$ their environment. But man is an exception, h i - He 
consumption. of world, while Dea 1% of the total energy consumption ; CANNOt modify thetr iu need , he can modify his 
the world's population consumes only 17° Ni environment to satisfy his néeds. 
the world. n SRL "DOME rodi From the start of human civilization, man started interfering with the 
India, at present export primary products sug environment. He devasted forests for Wood, bringing land for cultivation, and 


SAIL Opioe > fico, ek jute and ores etc. This does not SE them the ful to have svil which has eroded by natural processes. He killed animals _ the 
value of their resources. To get better value primary IR n. should b gentle ones, for food and the fierce Jones, for safety. He polluted air, water and 
This needs energy, whic ey lack. Thi soil by chemical garbages from their houses and factories. However, all these 


ssed to products for export. 
Pa ir vt otdbe coiang; Da de other hand developed countrie activities did'not affect the environment in a serious way for a long time 
aving ample of energy processed those prRtoois and export them back 4 because population was not so high-and nature”s self cleansing and purifying 
the developing countries at much higher price; Pola ability keep the environment undeteriorated. 
Thus, we can conclude that the development of a country is linked wil After the scientific and industrial revolution in the past, man starts to 
the availability of energy resources. PAS | -.  affect‘his environment in a more serious way. Man's effort to control the 


3. What îs an environment ? Enlist various segments of environmeni nature, leads imbalance in ecosystem. Large crowded cities, huge industrial 
Spia vendi (R.G.P.V., June 2016) installations;every year, more and more comfort requirements all these leads 


- 


Ans. The term environment, which literally means surroundings, is : 1° What is called environmental pollution. 
compositè term used for the conditions in which organism live and thus consis - ‘Primitive man used natural resources to satisfy his basic needs of air, 
of air; water, food and sunlight which are the basic needs of all‘living being! Migicr: food and shelter. These natural and unprocessed resources were readily 
and plants, to carry on their life functions: The environment alsovinclude aVallable in the biosphere, and the residues produced by their use were generally 
cer diving Organisus.. temperature, wind, rainfall, etc. compatible with, oreasily assimilated by the environment. But as the acquired 
wbich affere ma) De defined the, “sirroundings or controlled condition hi po “n Inereases, it increases the complexity of resource production 

opment and growth of people, plants, animals ani y and,mass and complexity of the pollutants generated. 

l i 3 All the above mentioned activities of man raised problems like ecological 


micro. organisms”, % 
earn divided into following four séfment a dn frena] degradation, disruption of earth's natural ecosysterl* 
Gi) Lithosphere O Mydrosphere - 2, © sickenvironmem. © 0%9ne layer, global warming (green house effect) 
| (iv) Biosphere e 
da Di | 25. Explai th suitabl 
Define environment, Hoy OS. Explain the concept of sustainable development with sio 


a i i Dee: n 
—. N (R.G.P.V., Dec. ci Ans. The “« pe { ‘oikos” 
— Manhas always inbAbited EE ntrefer Q,3. i 5 Which refer Netta economics” and “ecology” have the same 100, Son) 
animals, lr, Water and soil Of hic e e* Oneis the natural‘ world of pla" And ecology N00 ni as economics deals with the financial MS. al of 
: S With the environmental housekeeping. There "wi with the 
DI 


man-made î i » S 
World of social institutions Self'is a part; and the other ! o the fact that economi È 
lOns an mic development activities are always 550° ‘state of the 


man affects ‘his environment ? ;) examples, , 


‘Ans. For definition of envini 


himself by usi a 20, 2 : 
d 4 “NB Science and Ology, artifacts which he has creat® ;ps AVironmenta] d ; 
Aronne Wie Olfigzie. abiotic “Thus, environment includes ever) ; ©NVironme “gradation, Traditionally in economics; !° jations © 
environment COnfists of sir. wa. © tHivin ueiiino), ADI compri has not'beg a ‘a rivence acuta i 
Fo Oi air, Water and 1... 08) and biotic (living): sot po nomie optima Li n used as a criterion to influené — sbsorption y 
a oivapi } sta Anyext While the biotic environ! si Mo] A e ife it rpenta] services such as polluti? factors such 28 
fi titutes Fiat ANY Way iskno “OTCe, condition or substanc® vol OSYstem stabi; marketable and many environment? “tane and $ 
actors constitu SAVITONMEN . nas a-factor and the sum of on are Not re di * , Scenic and recreational values, historie Poi edfi rom the 
va panni Quantifiable. Such elements were alwaY5 ex 
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tion ofthe world conserv > 19%; (iv) Conservation of biological diversity. 


alyses. With the publica ‘on and environmental para | . 
RAY equation = Mete, » dieta (vw) Conservation and rational exploitation of for 


: tered | é 
bilty entered {3 est wealth and 


the idea of sustaina : 
; into calculations. - "RAR teland and deforested areas. 
needed to be incorporated i defined as, “meeting the needs of present Witho revegetation in sr n S 
Sustainable iena ma renirafi to meet their own needs” (vi) Control 0 + DS lu ion. 
La è | Li n 
SSIONIDIE. 3 ‘ianagement of all assests and natural and hum (viî) Development ot non-polluting renewable energy systems. 


(vii) Recycling of wastes and'residues. 


inability involves the manageme! st 
Sustainability i and well being for all. Sustainabj 
o | (x) Introduction of environmental education for more awareness of 


increase lon term wealth > 
resources to inc si whichdeplete the productive base and leave futy. 


iu Pe nica and/or greater risks than our own. basic environmental issues s both formal and non-forma] level. 

Due to the unprecedented population explosion and worldwise industri (x) Updating enviroffmenyii laws and their strict imposition. 
‘expansion, earlier practices of controlling pollutants at the “end-of-the pipi (xi) Assessment of ecological security. 
(ie. at point where pollutants enter the environment) are no longer effectiy Q.6. “Energy and environment are essential for sustainabi 
in controlling the present industrial effluents, both in quantity. and complexit development”. Comiiîent on theòstatement. poi s co ni 
For sustainability to occur, further advances in technology in process contrd Or SA ) 


product design.and monitoring are essential for efficient.use of resources i Write an explanatory note on ‘synergy between energy and environment’ 
proiuction while simultaneously preventing. pollution. Two importat sa | [R.G.P.V.,, June 2009 (ME)] 


programmes arising from this new strategy are — 
i: iano pi da Prestine i Ans. The word synergy has been derived from the Greek word syn-ergo 
gn.for environment. which means working together. Energy and environment both are essential 


tò bid n n-Htis a proactive: management approad for'sustainable development. Thus they have to be in synergy 
Ù9 . “i È Ò 5I- 
“tront-«end” reduction of pollutants in the waste stream Energy is the fundamental need of any society. Life is unthinkable without 


undesirable emissi, cu: pec i SA 
raw materials to, rev; Senna product quality, reducing loss © Possible Without energy. Industrial development, textile manufacture, 
(ti) Design for Environmoi CA. the:bysproduéts. de CS of buildings, water supply and even the large scale food production 

during the mantfacture of na % Apart from strict ‘process gen”, È o. SR Without adequate supply of energy. Energy sources can be 
synthetic sequence in the production Is also ‘essential to review.the ove! io able or renewable. Non-renewable sources (mainly fossil fuels) are 
the substitution'otelimination ofh cRhalicia GA and developed over a much longer period, thus likely to be 
à In near future. Renewable sources including solar, hydro, wind, 


‘DlomMass; seo ; 
i; » 8eothermal and Ocean are available in unlimited amount in nature. 


i 7 e —Neasw : 
: . © Ne production a Into products and e own "ERA our planet earth are in trouble and this trouble is largely ob” 
environment is also no manufacturing phase. DesigD 1}; 1-55 RR e use energy too thoughtlessly, too wastefully and with n 

radually 


MERO «gie 88 ecO-degi Sination. The bum: i 
environmental Impact of a prodi Sign and green design recogniz@s Dutrelente ton. The burning of fossil fuels like coal, oil and gas is 8 inly 


° eci Uct mus ; > x ‘ è Ues 3 “pr 
alongwith other design criteria Stbe considered during its design Pî°° o ESPOnsible ra €tting ourenvironment, releasing extra CO, which !S pan hi 

eenhouse, effect and i lobal warming * 
global warming. Glo 


of design performance 90 de defined jdera i 
; With'resnai as Systematic consi ,Caus 
objectives over the full pra > eSpect to environ 1 d sal) E Oceans to expand . MIE: ‘« will cause S€2 
-. Product life cite mental, health an evels to rise resulti; Pand. Together with the melting ice, this wi pra 
me important steps tag... : -£ town DI ing in È O nd even 
0) Populazion saio Sustainable develg o Weath ties Crop di A — may spread. 
Bon Opment are — ail Mic; 2y become even may suffer from draughts. i winds, stosm9$.: 
a) i more unpredictable, with violen . es 


(ii) Integrated landuse ‘5, | Wi 
(iii) Maintenance of.s Oil spills ani © Use of fossil fuel may also result in scattere nog, whic 
Ss LI 


“amg, 
Ustainabijt... i ‘ckill faz;  POollut 
of healthy cropland and grasstana. ollity In agriculture through cesto I $, cho es ap aterways. It may also cause acid rain 2 f burning of 
i si fuels Continues sa duo nortens people's lives. If the WS en we Wi 
i ls manner, the day is not far awaY 


main, 
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9 Differentiate between renewable and non-renewable Sources of 


urth . 
6 OD. tly. It is therefore, essenj; 
make the ° and becoming (60h) la], P vamples. 
; dally. d to explore and . energy with © 
{ting depleted rap! x ources and t0 exp Exploit | € . : rable sources are gi 
pi Di dependenoe OM °-° i of energy, Which are enVIFONME Ans. Differences between renewable and non-renewable sources are given 
« o wa ) ; Ì 

enormously po ue n any kind of pollution. below - 
friendly as they i Sri. Renewable Sources Non-renewable Sources 

i Din. These energy sources are These energy sources are exhaustible 


virtually inexhaustible and can |and cannot be replenished once used. 
be replenished after their use 
by natural processes. 

They are mainly biomass based| These are developed over a long 
period due to physical, chemical and 
biological actions below the earth 
surface. 


They are available in unlimited | They are available in a limited 
amount in nature. amount. 

They include solar, wind, water, They include fossil fuels (e.g. coal, 
geothermal, ocean and biomass | oil and natural gas) and nuclear 

| energy. 


SOUrces. 


of the total energy consumption all over the world. But these sources a 
available in limited amount, and once exhausted cannot be replenished. Furthe 
Very conce pollini... | 

(ii). Non-conventional Energy Sources — Rather new sourcesi 


ir of energy. These sources are available in plenty al 
problem. où near Furthe La they. does not cause any polluti! 0.10. What are the conventional sources of energy for mankind ? 
yield ratio îs very low, and the, so ll not much because their ener | (R.G.BV., June 2012) 
E they cannot be used all over the places 9". Ans. The major conventional sources of energy are — 


throughout the year. - 
- 2.8. Define reni o dg TIARR (i) Fossil Fuels — Fossil fuels are the primary source of energy. 
SI x non-renewable energy resources. gi: Se formed by the anaerobic decomposition n — dead organisms 
i ii ae i dle i pi sona the earth under the effect of temperature and pressure. The 
Define renevable and non-reneygg i." ici no In the absence of oxygen and under high heat and pressure 
te ‘e solircestof cera? ex ojithe Du, Re dead matter into hydrocarbons. The fossil fuels can be either of 
A Renewable Energy Sour né (R.G.P.V.,, Dec. Solid'(coal), liquid (crude oil), and gas (natural gas). These are non” 
which are virtually inèxbavustible — Renewable energy sources art th replenishm S of energy because oncé burnt they are finished and their 
are biomass based sources rata Can be replenished after their use- TESI CIRO €nt can take another tailli Eva " which is nearly impossible 
These include solar, tÀ, Waer.jeo available in unlimited atnount in nat” "ANKInd to exig, SE AREE TA 

Corey, can also be Onsi; e is » Ocean and biomnass energy. Nuel® (îî) Hydro P, - newable 
used in a fast breeder rEacto,: 35 a tenewable source, if atomic minera!S XCNEIBY source ard ù Ower — Water energy is most conventiona! re n 

Ur! "RE “piained from water flow. Water energy is develoP 


Non-renewable Enc. WINE Water{ 
Energy 8ources © fall under the force of gravity from height. Genera 


, sui Ily hilly 
those natura] resources whiak. _ ; And highlina i 
used. These are dina Sh ATE ertaggg I Tenewable energy soure°° Used almog e °aS are suitable for generation of water energy: Water P cr 
biological actions below tha 3 10 g le and cannot be replenished © pWateris conve "Clusively for. electric gl tion. Potentia! et 
They include fossil i ax They le t0 physical, chemie@ VICNEIBY is used tO Mechanical e _ bi s5 and this mechanli 
€18 such 28 chat. sa ey are available in limited a" where Water is t evelop electrici Mi by using turi e na inthe locality 
(04800 natura] è i + Water power is Much C Jectne 


ral gas. Y available in abundance, Although initial cost of 


ntia 


rr x 
Introduction to Energy Science 
xh our current rate of mining, 323 million tonnes per year 
(o) 


a ; } i h Wi 
> power: ants.is higntt-#* gno consumption of:fuel in Na e world. W! “p 
power pì jane much less; as here 15 pe Operati pa reserve Will be sufficient for about 200 years. But out of 68 billi 

. 1 billion tonnes aré IN the form of proved reserves and * 

ADOI 


- operating ME v2 
of these power plant >> ni ino: Toi s only usi 

"e po powers cleam-and non-polluting ii w (en It can) o our proved reserves 15 with an ash content of more than 20%. Furth 

Hydro i with the help of wires Or cables. This ‘YPe; 509% of our coal deposites are located in Bihar and Bengal and coal have to i 


long distance for its. use. 

k of 250000 million tonnes, would suffice only for 10 
ptial oil bearing areas are Assam, Tripura, Manipur, Wes 
Punjab, Kutch, Eastern and Western coastal areas. Bomba 


transmitted to the long here so as markets should be fixed befy transported over 2 


È + Energy released during a nuclear reactioni years. In India, pote 


(ii Nuclear Power 
accordance with the mass-energy equation is called nuclear energy. Accord Bengal, Ganga valley. 
to Einstein mass energy equalion, ‘high is the richest oil field of the country. 

“E SM ; At the rate of 19380 million cubic metre, our reserves of natural gas 

where E= Energy obtained by conversion of matter into energy about 700 billion cubic metres will suffice only for next 20 years. 
c= Speed oflight 0 According toCPWC report, the total hydroelectric potential of the country 
is about 41000 MW. Out of the total available hydel potential nearly 16% of it 


m= Lost mass which is converted into energy called binding energ 

Binding energy is the energy which keeps the nucleus of every ato as been already exploited. Even if all the hydroelectric potential in India is 

from fiving apart. This binding energy when released slowly and un sa contr Seveloped, it will not be sufficient to meet the growing energy demands. 

produces heat which can be used to drive steam-driven électric generatorsi AA pradesh'has a hydel potential of 5000 to 6000 MW. 

produce power. À. i India has considerable resources of nuclear fuel. The indicated and inferred 
reserves of uranium are about 50000 tonnes and that of thorium are 450000 


o development in 
demand was 14 
end of last 
growth in 


owe A 
power system, higher and higher voltage levels have become necessary for . 
to use 750 kV 


transmissi i 
jor ica “i 15 to 20 years, it might become necessary 

nuclear lines. Fortunately in India the required resources like thermal, 
and hydel are sufficient. - 


To m 
eet . . - 
such ever increasing demands, there 1s 2 need to use NoN 


agricultural waste, anima] 
d î 
Do energy which are stili Bene fama power are the traditional soU"" Conventional 
in rural India. These traditi to meet the bulk of energy require” ; The fi Sources also in addition to conventional sources. 
Uture planning for power development should aiM at opiimun 


: i 
replaced by commercia] %* ercial) fuels are gradually se exploîtation of th | 
onal (nori-c # i I mix 

Coal, petroleum, natural 89° of hydro, Wife] abundant resources potential available s0 that a dea in 


sa fuels suc 

electricity. It has been estima Such 

India is deli siae that ; 

the rest presina: Is i. pe tenno requiremo o India includes the dei pai capacity is achieved. T 

coal (thermal power) li “Produced in th n pine Muse ol 0 RS Stations would ting up of super thermal projects iN 

from nuclear power : 25% from hyde] e form of electricity, is 60 sa 3'ANSINE between 50 de located at or near the pitheads and would ha focused 

saiganae PO Pi and less-than:1 Power; 4% from diesel and ga$ on the full utiliza;; 0 to 2000 MW. Presently attention is prop! ly DEE acini 
ar, wind, ocean, biomass, etc. ; from' non-conventional sources atton of fossi] and nuclear fuels for the productio” otel il 

V, pece: ia 


i The availability of vari AO; 
«Pous 
l In India, coal contribiia, , ‘©TBY resources in India is discusgsed pelo" "Write; 
India with 68 billion tonnes sa AE 60% ‘o f:dvà total si remi" explanato Or 
) energy real un! mi OT hote on world energy si pv, Jane 2009). È 


sihe:(h; 
third largest coal producing © 


oa 


si ut = gb soin epgnesring (Il-S0) 

Ret a consumption is increasing day-by-day. 
Ans World energy A 
. production er a 2000 and is likely to g0 abov 
increases to 690 n of year 2020. Despite of this enormous inc; 
exajoules at the enu 01 4° irement of world is still not fulfilled. Wi 
production, total energy req advent of new technologies, the world e 
ntinuously increasing. This scarcity of ene 


exajoules (1 exajoule = 10!8 }) ; 
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The wy nd the West Asian region (Iran, Iraq, Saudi Arabia, Kuwait, U.A.E. Qata 
| an 


N 19), nd Bahrain) are the 
° 19 world depends upon 
°8Se} prices are increasing at 
h 4 1973 is over 
ner present stock 


major oil producing countries of the world. Rest of the 
these countries for their needs. As a result of which oil 
a very rapid rate. Oil price which was $3 per b 
$120 per barrel today and likely to increase more. Furth 
of 250,000 million tonnes of oil, it would be suffice only 
Iternative have to be found out. 


arrel in 
er, with 
for 100 


sa ci. so ana 

E ic }i (6) I? years, 5 

i si pe ce quel: | ni t ye The second major ue of energy e, expected to be natural gas. With 

The short term measure to handle this scarcity is conservation a present gas reserves of 6 x 10° to 10 x 10° trillion cubic ft., it will be suffice 
management. The long term measures include extension of fossil fuel usag: only for the next 50 years. 

- and exploration of new reserves. On the other hand, renewable resources ha (iii) Nuclear Power — Contribution of nuclear power in world's total 
to be developed sufficiently, so that they can take up a significant supplementa energy production which was only 2 exajoules in 1972 is likely to become 314 
role în energy scene, and eventually replacing non-renewable resources. exajoules by the end'of 2020. Nuclear power can be the solution to the world's 

. The world potential energy production between 1972 to 2020 is listedî energy supply problem, as complete fission of 1 kg of U?*5, gives energy 

the table 1.1. ir Sh ; ‘. whièh can be obtained by burning 4500 tonnes of coal or 2200 tònnes of oil. 

Table 1.1 Potential World Primary Energy Production — exajoules High'capital cost, limited availability of raw material and danger of 
radioactive pollution hinders the growth of nuclear energy. 

.(îv) Renewable Resources — With limited availability and high cost, 
of conventional energy sources, world is now looking for renewable energy 
«Sources for its energy needs. Major renewable energy sources are solar energy, 
314 Ride Wave power, wind power and biomass energy. Of nese hydro- 
Sto, a Is the best developed, providing 5% of the world's energy 

0 e form of very cheap electricity. 
- Solar ener 


259 


Hydel 
Unconyentional ail 
Renewble (Solar, biomass) 


100 solar EY is also a better option as if we can tap only 5% of the total 
— oa -°18Y reaching on earth, it can fulfil our energy requirement 50 times. 
As we can sce fossi] “ ["18J0r problem with the use of renewable sources is their diffuse or 


P dilute Nature, For exam 


i . aation 
Ty rapid fa «miles Square of ple, to replace a 1 mile? of nuclear power station, 29 
PEÒ Various maior ener ate Thus, renewable sources © 01 a solar power station will be required. 
world energy Scenario i ‘:4JOT en 


ario is discusse vr Fesources and their contributio. Lì Ia î _ sea 
coal. In 1950 a + 33% 08 toria ic jcd* RAND CRE (COAL, 011, OIL BEARING SHALE AND Sari 
33%. With the Dili. ‘% and by the a@ergy supply depeB” ii Tit TOSTI \TION) - PAST, PRESENT AND FUTURA 


» coal’s share was reduce? | 
and 1979 coal re-emer£g® _ 


world's cheapest fuel. a 
It has beenestimar 
È (ed that 

earth out of which 200 pyp. “POut 6000 pi cl 

i BIO lon to; eg unde' 

will be suffice for the DEN 209 te las been RA ofecal ee ng Chi 
(ii) Oil and Gà, su Sears, - 9 e re - È 

%- 0j7 i Fo 

now-a-days. Almost 40% 9 is one of de i PI sn SSÎl fuels 

, “Ne ener aJor source of ener 


ol in 1973 = on 
Hex (r.G.P.V, Dec 2019) 


-. short 2012) 
note on — Fossil fuel resources. (R.G.P.V; June 


f fossil fuels, refer Q.10, section 0). 


0.13, 
S Whai are fossil fuels ? 


aci 
“ Introduction O) 


; ca I ata 
oil. But it is very uneVenÌy diga rey need red È yer (È Coal N be classified into following three types — contains 
"ibuted over { e world are compl”. gl *{ogen, °XYgen ARL mainly composed of carbon: li elet 
3 è VAT 


a ; | 

ents 

Ce . Sd ther elem si 
| «U.S.A. Mexico, ‘Ng amounts of nitrogen, sulphuran0 0 
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using coal produce a large quantity of ash. A- 200 SEME 
nnes of coal per month will release about 4000 lai plant 


 cucadital engineering (I-Sem.) 

A i niposition of v 

in small quantities. It Î8 develop de pra silt Last atta, power plants 
in sms cnich fall'and biiried under the 13) © Surfa, aging 30000 t0 
trees, i a converted into the coal under heavy pressure, heg i DA ch need to be disposed off in a safe manner. 

of earth they (i) Oil--U.S.A., Mexico, U.S.S.R. and the West Asian region (Iraq 


novement of earth crus > 
movemei nergy source since the advent, Saudi Arabia, Kuwait, Iran, United Arab Emirates, Qatar and Bahrain) are the 


I has been the primary ener i 
siii It is available in abundant quantity and will suffice for È major cil producing countries of the world. 


next 200 years. Coal on combustion produces VARONE poisorious gases, thatj In India potential oil bearing areas are Assam, Tripura, Manipur, West 
why world îs now switchirig over t0 other technologies for energy Productia g engal, Ganga valley, Punjab, Himachal Pradesh, Kutch, Eastern and Western 

-° (îì) Oil - Sedimentary rocks containing plants, animals, which n coastal area (in Tamil Nadu, Andhra Pradesh and Kerala ). Andaman and 
about 10 to 20 crore years old are the'sources of mineral oil. Mineral oil is ver Nikobar Islands, Lakshadweep are also having oil bearing areas. Bombay high 
unevenly distributed over the earth. Almost 40% of the energy needs of È (115 km from the shore ) is the richest oil field of the country. The latest oil 
word are fulfilled by oil. © — ‘deposits have been found in off shore areas of the coasts of Godavari, Krishna, 


With present stock of 250000 million tonnes of oil, it would be suffa Kaveri and Mahanadi. 
only for 100 years, so an alternative have to be find out. Although with oil, there is no problem of ash handling, still its combustion 


(iti) Natural Gas - Natural gas is a mixture of lighter hydrocarbon produces highly poisonous gases like HS, CO; and SO.. Further, transportation 


mainly methane (CH,) and small amount of nitrogen and other impurities sud of oil iswery risky and any leakage can cause serious damage. Leakage of oil 
as hydrogen sulphide. nibbi i during transportion through sea can produce disastrous effects. 

" Earlier it was less used, due to its high transportation cost and low therm? (i) Natural Gas — The production of natural gas in India has raised 
efficiency. But now, its utilization rate has been raised upto 90%. It is mainl from 2358 million cubic metres in 1980-81 to 19380 million cubic metres 
used for cooking in houses, and as a raw material'in petrochigmit elio dustn now-a-days. At this rate our reserves of natural gas (about 700 billion cubic 
metres) will suffice only for next 20 years. 


nes of ash. 


0.14. What is energy 2 Writ : 

Pick E ? Write vario i 
pai of energy. Discuss role pus renewable and dad * | enewabl Natural gas 1s much less pollutant as compared to other fossil fuels. 
alongwith their environme of fossil fuels in energy scenario of Indi ; 

nI3 feat; (R.G.P.V., June 2013 0.15. Explain the role of coal as a major energy source. 


Ans. Energy i 
rRefer Qi, the 3 Si Is the oldest known fuel and still used on large scale throughout 

Tenewable So Tid tor power generation and oth es. Coal denotes a large 

R tan urces. of E; 2 8. rr i other purposes. 

mic picca - nergy =iRefer Q Ei Dime fuels derived from partial degradation of plants. It is > 

Mia *— It has been esti 5 about an industrial revolution and dramatically changed the!" 

c- wa nderte earth out of ig thal about:6000 billion tonnes Ss. note People. It was the major source of all over energy needs UN o. o : 
India, cod'contuiliga about 60% De db Se, SUUCk. With the discovery of oil, lots of energy generation activities 


illion tonnes has been used 

the third ] coal ‘of 0 5 -;j Shifted fr . “per 
STESSI 0091 produci tr total energy requirements. Indi? ic 0al to il, but after the first and second shocks of oil prieeS . 

the western countries again moved towards coal. Even" 


. x UcIn: ci . { OW I . 
- ini 10 beabout gg a ra, n the World. Our total coal reser!® 1 e DE Sat sì 
of 681 bilion fonnca dif they Vill be soffi Pe cine In o "nUes to be the major source of energy 
Only 21 billi Uthnice for about 200 Bu e Mori a isi 
LA on . years. ‘| cont © than 60% i si 
cage Tour Prov men a the form of proved resciti E More than 450, - sui o" ob piani 
UT co; > With an ash f more 1$ tryin "al is most impo 
_— Seposite content oi IM i amon ‘JIN8 to develo oal is MO*”. 
need to be transported Over a long dis are located in Bihar and Bengal * ic t Present ca ci sources and è comme ial cost, 
Coal has very low calori Cri fance for use gi Ion. From ali 2 es 60% of the our tota " ndant of allt 
 Valu D gpl SO) i an i ta ix 
#0 e HA ana SO, on > and produces various air polluta”, largest Prod ©Egy in India; vi i vai i reserVeS; 15 de ioni 
8 8, acid rain And i. Stion. These gases are resp02%" | Underer MCEr of coal iti Iltion tonnes of co India iS shiftin3 °° 
ip; ARS other. hazardous effects. TN p Sound mi S to ope I 
| $ SI n cast mines, 


mported. which 
viate this 1M© 


siente! Engineering (l-Sem.) 
E coalfor power generation instead of oil is very com 
È | ost of the cou ntries. s our current estimates suggest that am ount LI We will also expe 
inm another 150-200 years, it will continue 0 from petroleum. 

0 
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rience a shortage of almost 5,00,000 17 


goods currentiy made 


ion cene ec asa fuel will have still long lastin din In India, the use of oil for power generation has no scope due to limi 

if toc under sea can be used in fatore st: Ra resources, bi FIALdAA de sn meet our industrial and Penta 
The major problem with the use of coal.1s the environmental POIluti, re mi no cossdi ering Indian government pushing the Li 
caused by its use; Coal combustion generates various poisonous gase; of e-vehicies fo PÒ 

which particular concem is the SO»; which is a serious health hazard in Lu. Q.17. Write in brief about oil shale and tar sands as new fuel source 
areas and ‘also responsible for acid rain. Coal combustion also produces . Ans. As our conventionalrenergy sources like coal and oil are “i. 


which îs a serious threa tto enviro nment, and need to be disposed off carefu very rapidly and likely to exhaust very soon, scientists and technologists al 
Further, being a solid, coal is difficult to handle as compared to petroleum, over the world are searching.for alternative sources of energy Two i 
I, i 


natural gas. Coal combustion is also an inefficient process. promising sources are oil shales.and tar sands. 
da ali. as a fuel depends upon the soluti (i) Oil:Shales — Oil shales are carbonaceous rocks, which when 
È pr n Hi heated to pyrolysis of cracking temperatures produce oil. The oil precursor in 
| Minimizin ; geoviigintnenta! Impact of coal mining. the rock is a high molecular weight polymer called Kerogen, which contains 
6 srt ss a sulpitar from: Soal'prior to/combustion. ‘SF SUL MY3*- Na = 24%, 5 = 1% and Op = >.8%. 
di ) ur Di and SO, from stake gases after combustion. il shale can be considered as a hybrid of oil and coal. The composition 
si vising more energy efficient methods of power senerati of oil derived from oil shale is much more similar to the composition of 
x N a than to coal. Some oil shales can be ignited, like coal and they burn 
0.16. Explain the potential 23 HA a very sooty, smoky flame similar to a coal of very high volatil 
of using oi E ry high volatile matter 
Ans. Today availability vel i 8 oil as an energy source. Ao However, oil shales-are of not much use as solid fuels. Their principal 
of a country. The industria] i È oil governs the energy growth and sta! nterest lies in the possibility of conversion to liquid fuels. 
D ° * 0,0 | «è 
subsequentiy replaced by oil and Po to. Initially fuelled by “i oil pica shale (containing about 4% Kerogen) can yield about 6 gallons of 
€asy to transport, — : use of their being cleaner fuels 8! per ton of shale, while a rich shale (containing upto 40% Kerogen) can 


vic Si 50 gallon of oil per ton of shale. 
È sa » FR by similar methods as those used for coa! mining. Oil. 
imi Vered from the shale b i le. In retorting shale iS 
î ted availability =. . heated le by retorting the shale. In re 

negati: - Teserves of in and uneven distributle”” f i peraturea of 500°C or more in the absence of air. In ! 
Biportiig Coni are with cagna are 1.4 to 2.1 trillion bar® i Noles are i of shale is converted to oil. In an alternative in-S! 
A vp EC (Organization of PetfO* injected int into the shale deposit underground. Then ho! gases 4 
; t present there are 1500 maior ci into oil tor the shale, so that it become hot enough for the Kerogen t 
nes account for 60-70%.0 % I Oil fields in operation, of which 400 Jaff mining co &rground. In-situ method is more economical 25 it eliminates 
.. - nt sal opta, The discovery of new DIE fe of oil. St, cost of above ground retorts and disposal of shale after extraction 
99005 ion'barr ave b wo! 

ON e LI 

end, current new discove "e en found. The currel! 


his process 
tu method, 
nd air aré 
o tum 
the 


( First co During the 1920, 


Mmerci 5 
al use of oil shale began a century ago. sh the greater 


IS Der Year nre; ll : 
na : s.h and is risirfe, while on the °°, Oil shal 

yeariand this is declin iiBR O VeVer: dint to Att js EBRS e Was an economicaliv i 

World oil supply ist, ; Nt to just 12 billion barre I of a important energy Da of oil shale 

, ed. oleum, the commercial eXP 
sources. Today almost all; * Peak fair] na ” 
supply disrupts, world po: trans on thus, we have to find alter” TWO-thirds sc {he USAGE 
; economi @nsportation are oil dependen*: ' largest kn î Of the worlds oil shale reserves are located 1 DE River sha! 


e 
Serves of hydrocarbons of any kind aré per se these reserves 


will also threaten global food 0 i Sola 
E food sec; dna to hault.‘The impact of oil Sho! gl deposits in Wyomi 
ing, Colorado and Utah. The total capacit 


"Me to lack of fertilisers and che! 


ontal Engineering (-Sem.) 
La ‘ton of shale. #1: 
onnes:At:20-gallons per shale, thi, 
Pois is approximately fives times the Proy, simplest sn, 
sofoil. However, economic recoverability f, coalinthis way 
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coal is carbonized, i.e. heated in the absence of 


; i air. Heating 
Il drive off a variety of volatile substances. After 


compounds 


act I temperature 2 ; Da 
reserves of roleum in tb oil shale is still doubtful. "hat would be e (._..: of ui. al .... 
| “t“adnction of fuels O ._ing gas which 1 i ydrogen is called 
comme APRE bas associated with the successful large Sca} thee a calorific value in the range of 550-700 BTU/ft}. 
DE De sii co i gas was first used by James Watt in 1798, for illuminating a factory. 
use Gi x 


® The composition of oil from oil shale is very much differa uring the 19205 about 20% of all fuel gas burned in the U.S. was coal gas. But 
fron tal ‘petroleum, thus it cannot de ded as direct substitute.of Petrolem with the widespread availability of clectricità (a cleaner source), its use declined. 

‘2 @) Oilobtained from oil shale contains less carbon aj . A miajor problem associated with this method of manufacture of coal gas 
hydrogen and more nitrogen, oxygen and sulphur than petroleum. Thy is that only 20% of the coal is actually converted to gas and the rest remains as 
petroleum refinery operations also need to be modified to accommodate @ 4 solid char or coke, which in:most of the cases, simply goes to waste. In an 
shale liquids as feedstocks. Hydrogen need to be added to the oill, while nitroge: ideal coal gasification process, the entire coal should be converted to gas. 
and sulphur need to be removed to avoid formation of SO, and NO, duri Chemical reaction for that process could be 


combustion of oil. C+H,0-C0+H, 


; (c) After retorting; cil shale expands considerably, which ha which takes place at temperatures above 800°C. The gas so obtain is a mixture 
no commercial value. Thus, need to be disposed ‘of in an environmental 


accépiable manner | of carbon monoxide and hydrogen (has calorific value of 300-500 BTU/ft), 
i È SERRE 1 al known as medium-BTU gas, cannot be used as a direct replacement for 

Wise Ria i. Tar sarids are grains of sand or, in some cases methane. Thus, an additional process methanation is followed, 

like crude oil called n era mixed with a very heavy, asphali 

remainder being sani ri contain about 10-15% bitumen, th 

Viscous to be recovered h Fe Materials. This bitumen is mucho 

recover bitumen, tar cai Aventional petroleum recovery techniques. T 


CO + 3H, d CHy + H,0 
The methane so obtained is called substitute natural gas (SNG). SNG can 
also be obtained in a single processing step called hydrogasification, 


15 heated o du s Ò C+ 2H, > CHy 
” D Sit, the elevated temperature lets o: o Hut: steal I n However, this method has not been used commercially. 
Numen just enough to allow ite co © O*crease in the viscosity 0 Coal'ibacificli: 4 
4 1 : bi gasificatio be, used 
nei the tar sand is Mined Mic to the surface. Im an alternati" commercially in ian 00 pren cd di ua sa ; 
mix - 6; L N 3 e ars, Cs i 
sand i Steam and hot water, delie When the mined tar Upi. Europe and South Africa. Befo a in n W .. 20,000 coal 
to the bottom of the Hi men will float.òn the water, while! gasificationu Te second Yor di su 


bitumen SO obtain 'Wlien heated er, allowing for casiiiivarafion. È gases for do nits were Operational in U.S.A., producing various grades of fuel 
synthetic crude cilTi cer SPove. Mestic heating, cooking, lighting and industrial heating. However 


into? this; 

2918 cîl'on dista: about 70% of it convert int°* this indus w ; «cali 
Gatta n Fai citta Vields kerosene and other liq! after the UH “$ Wiped out by the spread of interstate natural gas pipeline 
OT Feacts to forni - €n either the gui, . 
: tm: tmall gaseo”, 
The estimated worigi Petroleum coke, Mec sto tor È 
known petroleum rESErVE mi SCIVES dÉ 
Athabasca, in Alberta, 0; Ne Worlg? 


A relati va 
‘Combined i. pu method for coal gasification is the integrated Spano 
far sarids are about three timeS ! ‘Basificatio (IGCG). In this method the hot gases obtained from 


: S lar i ‘a nel 'turbi , STE Used to dri ì : ses leaving the 
deposits of tar sands, While soi Soviet _ St deposits of tar sands ÎS ME e, being “Ive a gas turbine. The combustion £à 


d Very hot 0 turn cam drive 
an 1 lf 2 Steam Ot can be u ch in tur 

0.18. What do you meggi: © °POSits = errni n VU. A electricity Sue Dot the gas dii i re used to generale 
energy igiinc > mean available in Utah, | near fi IG steam turbines ca electricity in 


°00l gasificati di plants ducer of 
a ; d - At may become a major pro ; 
Ans. In coal gasificationi i. con ° How it can be uS° MW plant; Present, ? eration. À 


250 
Some demonstrational plants are iN OP ssi 
to b 5 Ca] io i N Nethe ional plants . T puisian& 
O De used as a fuel. Several: meg, ve Verted o Neon Sa suital! E eu 250 VS, 300 MW plant in Spain, 160 MW fs Do me call 
Lats. mbustible gas, N, mp sb Nt in Indiana, U.S.A. Two addition 
available for that se. I Oon in Chi + U.S.A. IWO 
purpo 


Ina and South Korea. 


As 
T A ND HYDROGEN, 3 
MENTAL TRADE - OFFS of 
si o) IS 
i ra ii È 
Sos oregnenergy? Whatareits sources ? 
0,19, What is green ener) (R.G.P.V., Dec. 201 
#3 Ko is produced in such a wav x. 
energy is the energy that 15 produced Vas 
PR esca onthe environment. Traditional energy sourw 


which mostly include fossil fuels, are primarily responsible for greenhou 
èffect or global warming. The term green energy 18 used to describe eney 
sources which are considered environmental friendly, non-polluting an 
therefore may provide a remedy to the systematic effects of certain forms: 
pollution and global warming. Green energy is commonly thought of in th 
context of electricity, heating and cogeneration, and is becoming increasing 
available. . 


i ria of green energy are actually the renewable energy >soure 
_ inclu 


ding energy from sun, wind, water, geothermal and biomass. 


020, Discuss lang and non-renewable resources with example 


(R.G.P.V,, Dec. 201! 


Explain conventio 
Re nal and non-conventional energy sources. 


Ans. Conventional Eng (R.G.P.V, June MD 


Non-Convenitiona] Geni “ourees = Refer Q.10) 
used renewable ener Si Te) Energy Sourcesi& Some commo!! 
6 Sun a 


(iv) Geotherma] ; (ii) Wind 


Ià (ili) Sea 
These sources î » Biotherm], X 
3 SIMOSE j | 
ea Further, their use dr soi Raustible and get replenished by natu 
; eir energy cannot be yseg ILA ©aUSe environme b SE È | wevl 
in brief below _ Sed on OmMErCIA] x» Nmental pollution. HO pe 
uo: is. jscu>' 
178 Sun's energy can bei ro These OE Ue . 


billion MW, whi ‘llisedas {h 
; ’ ch is: Ss Nerma] i 
be utilised completety © ‘© meg de pl otovoltaics. Sun can pÎ do | 
‘ "i a È T ?s . na 
de Lo “STBY USes the hifi. demand, however ! 
= OT pumping the Water Wind Velocity 
d$ are suitable for this PUDEA O e available in certain parts. 


"CI à 
Seneration, Coastal, hilly and Y! 


not vil 


oil 
Je 
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| energy utilises the heat available in the centre of the earth. Il 
Ca cooling by using heat in vapour absorption system. 
(0) 
can be USÈ 


m 
Energy SO metre height of the wave can be generated. Ocean thermal 
About 13 È i utilises the temperature difference between worm surface 


o Id deep seaiwater at 5-7°C at a depth of 800- 
28°C) and the co 
sea water (at 


ential of sea is estimated as 50000 MW 
. tropical areas. The total poten 
1000 m in tre” nergy CONVersion, 40000 MW from wave energy and 


seas can be used as wave, tidal or ocean thermal energy 


r 


from ocean Lane ° 
from tidal. 
10000 pae in the form'of wood, agricultural waste, etc. is also a potentia! 
Bi These can be burnt directly to generate steam for use in 
source Tgy. i id babo 
n I.C. engines for agricultural 
steam turbine or they can be gasified to use as gas ! g 2 
pumping Î power generation. 
Q.21. Critically analyze the role and potential of unconventional 
So ] 7 to Indian scenario. 
newable sources of energy with special reference 
Ù (R.G.P.V.,, June 2009) 


Ans. Infndia, where 88.53% of total energy production is from fossil 
fuels, there will:be virtually no electricity if these resources get exhausted. As 


«.rainfall is not constant all over the places in India, therefore it is not a reliable 


source. 


Thus, there is a need to use non-conventional energy sources to meet the 
increasing demand of country. l 

Sun has the greatest potential of all non-conventional energy sources, if 
We can use only 5% of total solar radiation, it can fulfill total world's energy 
‘requirement for 50 times. In India where sun shines at maximum potentia! for 
More than 3/4 part of year, solar energy can be of great importance. A$ SUN 15 
expected to be radiate at this constant rate for a few billion years, it can D 
E o as inexhaustible source of energy. This solar energy i “ Na 
solar rhoto power generation, for space heating or cooling, for cooking ’ 

Voltaic cells, etc. 
Winds Ww 


the potentia] 
energy 


hich possesses kinetic energy due to virtue of their ui ui 
— pa of SHRSx If we can utilise this energy, it ci of 5 
T to 20 €nt several times. In India where winds n electricity. 
However Coastal makes it costly to use wind mills to genera n parts of 
central India has Th Di Saurashtra, Western R ajasthan ne "- oenerationi 
Gravitati de Speed of winds and can be used for power ua eriodic 

rÎSe ang fa ;p Ol force of heavenly bodies like sun and moon Sat, 4 san be 
ter levels, which is known as tides. These tides € 


In se 
Used for a Wa È 
(o) 5 f the 
bay. The uu Eeneration by constructin g a dam across the pi FOA 
‘0° sites for tidal power plants in India are suggested a 


‘(il-Sem.) 


nerital' Engineering 
e in Gujrat and Sunderban area in West Bengal. Ho 

fen constructed so far in our country. 
y orheat of he earth is the thermal energy found vj 
$ crust, Sources of this thermal SICTDY are Magneto A 
Fprocesses occut Within the interior of the earth. A | i 
Sim has been installed by Geological Survey of India at Pa 
ji. Geothermal energy taken from hot water, ca tura] Steam, 
pei magie used foreelectri power generation, space heating, recreatigy 
scaltra] and industrial drying. ; 
eb ic matter produced by. plants and their derivatives is calli 
biomass. This biomass càn'be.used for thermal energy generation. In Indi 
whereagniaulture is still the maîn occupation of most of the villagers 3, biothermi 
enerey isa very important source of energy. Further, it is eco-friendly ai 
gives manure as a byproduct which canh 


Cva 


"A Modera ide ri (R.G.P.V., Dec. 208 
of modem infette, 0t living can be measured 
| (mobile P 


Unica; 
pr entertainment TV. ci hones, e-mails; IT and inter 
(clinics, » e nema, satellite TV, etdi), health cut 


tion 
Xcable 
fschools. ons and robotic surgeries) and educati! 


Medica] 
Wi 


tdi 
all © based leaming). AII these, secto' 
turned, o energy hasian environmer! 
as a‘double sided price tag; a ben 
to maximi Price to be Paid: for. For sustain9 
ntiona] energy “ tormer while simultaneously minimi” 
ly b n Coal, oil and natural gas affectS {hè 
Vanous toxic Bases. 
We need to switch from conventio!? 
Mewable energy sources. 
° Ocean, tidal, geother mal po 
uces no harmful impact 0! 


Su 
on 


Ot heaj; 
UTce Of ene op electricity generatio ", 


‘1% of this radiation, i! © 


- clean source of energy. 


in terms of availabilit 


net suppl 


. Ne 
Ù 


Solar radiation reach! ne gl 
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:1v fulfill our energy requirements without causing any p 
aa the use of coal or oil. i 


Wind energy which can be used either for electricity generation or for 
water pumping is also a non-polluting source producing no adverse effect on 
the environment. Use of wind energy systems avoid fuel provision and transport. 

Ocean energy either in the form of OTEC or tidal energy is also a potential 
non-polluting sourcé of energy. If whole of the energy available in oceans can 
be converted to electricity with an efficiency of 3%, this can satisfy the total 
energy requirements of the world for 100 times, without causing any kind of 
| pollution. 

Biomass energy abundantly available especially in India, can also be a 
major source of energy. Biomass includes all new plant growth, residue and 
wastes, agricultural and forest residues biodegradable organic effluents from 
industries like sugar, meant packing plants, slaughter house, breweries, etc. 

| These biomass, if left alone can foil the environment, by polluting soil or 
water, and.if they are burnt in'open will produce CO, CO,, CH, and some 
other gases. On the other hand if they are used in a gasifier or digester will 
‘ produce net.energy and fertilizers as their by-product. Due to their enormous 


benefits many of the villages are now using a biomass plant or gasifier, as a 


ollution as that can 


tr 10.23. What do you mean by primary and secondary energy sources ? 
e 


ntion the difference between them with suitable examples. 
(R.G.P.V,, Dec. 2014) 
Primary Energy Sources — The energy sources, which provide a 
ci y of energy are called the primary energy sources. Some of the 
ea of primary energy sources are coal, oil, uranium etc: The energy 
RO Obtain these fuels is much less thian that can be produced by their 
Sa ion: o icher vi tio. 
The yield T nuclear reaction. These energy sources have higher yield rati 


ne ratig is défined as the energy fed back by the material to the energy 
Ved from the environment. 


Ans, 


a major primary sources are described below — 
(i) Coal — Refer Q.13. 
() Oil — Refer Q.13. 
(ili) Natural Gas - Refer Q.13. 


(iv) Nuclear Power — Refer Q.10. 


Second 

a 

t'energy api Ener 
less. Sol; 


Second 


t produce 
Jes of 


8y Sources — The energy sources, which do no 
called sec 


° 7 j i VI 

do ondary sources. Their energy yield ratto 1$ 3 
€" 8Y, wind energy, water energy etc., are the examP 
SOUrceg, 


Ft 
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Pa Fregi Er w Cu energy is the energy produced and radi 
0 Solar Energi > n°s energy that reaches to the Carth, 


sfically, he SU 
(1) 


"most important intbaniMe TT. virtue of motion, Wind possesses kineti 
| “(Ù) ‘Wind Energy st The wind energy can be utilized to n, 
ictrs called s wind energy ce on 
vinti which in'tum drive a getierator and produce electricity. Wind mill 
can also be used for water pumping. CAI. 
nre: (è) Waler Energy - Water because of its potential energy is th 
ab and cleani source of energy. Water energy Is developed hi 
allowing water to fall ‘under fhe force of gravity from height. This potenti 
eiiergy of water is converted into mechanical energy by using turbines, ani 
these turbines are used to generate electricity. 
; (iv) Geothermal Energy — Geothermal energy is the ‘heat of th 
eatth' and may be defined'as naturally occurring thermal enéfgysfound withi: 
the rocks in earth's crust and fluids held withirt these formations. Sources d 
pur ii magnetic or radioactive decay processes occurrin 
.{he interior © earth. —. 
RR 008 ri iptoDyaamie (MHD) = MHD is a method of direò 
Pronta te of a fluid into the electrical energy. I 
el. The lid maybe ci allowed to flow in a magnetic and elet 
Or potassium. An vated temperature or liquid'Îmetalilike sodiut 
£ Nverts the heat energy of.a fuel direc!) 
onal electric generator. 


Solar energy. Biomass is are è sen 28 biomass and is‘basically a form © 
piant growth, residues an Wable SOurce of energy. Itincludes all the ne 
biodegradabile organicetve, verbs 


: i 
7°*888, agricultural and forest residl* 


DA 
mass energy, 


eral ref, SRGPV, June 2008, Dec. 20! 
, bacteria. The Enero SE to al 
energy. Animals fi ì 


-259 Obtai 
eed on plants 4 ained 
process usi ‘ »and i 
solar ag =. Thetefore "i their food through photosyn!h" 
* total biomasg Tepres e energy is an na 
i an enormous store of € 


i It has D 


è ° 5, 
_ like sugar, meat packing plan! 
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Lu Ì api 
I living Materials including pate 
om biomass is known,as bio!" gi$ 
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een estimated that total biomass produced annually can satisfy total 
demand of the world eight times, and since biomas i 


cn rotentially renewable source. 


The simplest Way of getting energy from biomass is allowed them to dry 
out in the sun and bum them. This method is appropriate for static applications 
such as domestic heating or power generation, but it does not provide substitute 
for oil ot gas. One alternative to this problem can be the fermentation of sugar 
or glucose obtained from starchy grains. This process gives ethanol, which is 
a potential substitute for petrol and diesel and also have many other industrial 
uses. Pyrolysis of wood yield methanol which may be used as a gasoline 
additive or can be modified chemically to use as a direct substitute of gasoline. 

Another common way of treating biomass, is its anaerobic digestion, 
which yield biogas. Residue of this process can also be used as fertilizer in 
agriculture. The biogas can be used as a domestic fuel. 


Ss can be re-erown 


0.26. What are the different forms in which energy from biomass can 


be used ? (R.G.P.V.,, June 2014) 
Ans. Biomass is an organic carbon-based material which reacts with 

oxygen in combustion and other natural metabolic processes and releases heat 

energy. Biomass can be used in following forms to.produce energy — 


(i) Traditional biomass, in solid form which includes firewood and 


agricultural waste. To increase its calorific value, biomass can be converted 
Into charcoal and fuel briquettes. 


io (i) Biomass in non-traditional form, converted into liquid fuels such 
as bio-diesel and bio-ethanol. 


bioga (i) Biomass digested anaerobically to obtain a gaseous fuel called 
S. 


n Give advantages and limitations of biomass energy. 


ca Advantages of Biomass Energy — 
metto, Va The initial investment is comparatively low, compared to na 
Sophisticated_ e Tenewable sources of energy, since’ there is no nce 

È) Or expensive equipment. 


i As bio i i 
i mass is ob 
"IVironmenta] Pollution. n 


[ 


ce 
ed from sewage or wastes, it helps to redu 


nà 


(ii) p : their 
Continuous Six $ ensures a continuous supply of energy due t0 


0) Bio, jent 
cooking fuel Biogas produced from biomass is a clean cheap and conven! 


1 (v) bo: 
15 releaseq duri Towth of biomass consumes more carbon dioxide, 
‘ing combustion of biomass. 


/ 


then which 
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Ro blished easily in rural areas. 
; » pitsican be esta! 
(vi) These v 


Introduction to Energy Science 27 
è 1 provision and transport. But ther: 

. tems avoid fue a 
E; “auct'of process is manure which has good fa... energy SY 
i ». ‘The by-produet of process 18 man 800d fertij 
vi 1" (i) ARE IO, 


€ some sort of 


Hz drawbacks of wind energy. Wind energy systems produces noise. Wind energy 
| ò 


tal: . available is dilute and fluctuating in nature. There is a need of some storage 
alue.. si rrovided by biomass can be easily stored. means because of wind's irregularity. 
RE, hygenic and sanitation conditions in TUral are, In India, the interest in the wind mills is less because the wind velocities 
Pep duced from biomass (ethanol and methanol) i here are relatively low. In India, wind speed value lies between 5 km/he to 20 
A) PELO (petrol diesel or gasoline). C ‘km/hr. These low and seasonal wind velocities impart high cost of wind energy. 
compete Neg ca faeroy However in coastal areas of Saurashtra, Western Rajasthan and some 
Limitations oi. È 


(î) Relati Ì Î hi arts of Central India have high speeds of winds. In these areas medium and 
i So È , high, IR e de Tati: sized wind mills can be installed for electricity generation. 
be used in areas where land cost is high. i I 


(i) Relatively low concentration of biomass per unit arca of land 0.29. Give some appiPggi on >Mifagliià energy. 


(ii). Collection and transportation of biomass is expensive due toj Ans. Wind energy.is available in the form of kinetic energy. The energ 


8Y 
high moisture content. extracted from wind is initially in the form of rotary, transl 


ational, or 
(iv) Costof energy production in urban areas is higher than witht 9Scillatory mechanical motion. This mechanical motion can be used to pump 
centralised power generation stations. 


fluids or can.be converted to electricity, heat or fuel. Pumping water for 
AL 5 vata ; agricultural purposes and generation of electricity are the most common 
FO inlia ot be liquefied ordinarily, thus it cannot be bott applications of wind energy. However, if required, wind energy can be 
a iasi de A, converted to other forms of energy or it can be stored through the use of 
028 Write short note on — Wind energy and its prospects in India. compressed finids, pumped hydrosystems, water saver systems, batteries, 
: = Or flywheel, hot water, etc. 
Write a short note on - Wind | 


power/energy. ; In Any case wind energy is the most flexible and tractable source of all 
| (R.G.P.V., June 2008, Dec. 2009, 201 energy sources as mechanical energy can be derived directly from the wind 
Ans. Wind, which is.airin ’ s ’ gy ca Vv Li 


G) Heat Motion is caused by two main factors — and can be converted into other forms of energy readily and efficiently. 
Le Ng and i ì » 
convection currents. 5 ein cooling of the atmosphere which generi! 0.30. Discuss the advantages and disadvantages of wind energy. 
the carth's surface andin no SAUSed by the 


the ammi absorption of sol&r energy' (R.G.P.V, Dec. 2014) 
Ci) The rotati Sphere. fl Segre. Advantages of Wind Energy - The advantages of wind energy are 
around the sun. ion of earth With respect to atmosphere and its mot! as follows a : gy g bd 
5 SE to vi Me 0 Motion, wind L'* x 22% se call i d Wind energy is a clean and pollution free source of energy. 
mt “°° POS8esses kinetic energy, which 1S © ovali ce is an important renewable and inexhaustible source of energy, 
i io Al free of c 
that about 29, put ‘Y Potentia mot ie De 
pus of so “alia l source stimi (i | : : d 
a m . Carl i béala 00 : 
Several times they ratT0n. Ht ye CI 0* Of this kinetic energy ati O, There is' no xeed cf any kind of fuel. 
i ioni) legui can Utilise this ener y. it can $ V - y . from 
ge The wind ene can "eMENt of a Country 74 “ommissioning ° Seneration period is low and power generation starts 
nerator and prodiga Ù Utilizeg to } 7, n 
. Me = e n DI x dn (vi 
Pumping, Mectriciyy ‘Wi .1Un Wind mill which in turn i 1) Itcanb j : and remote 
MI Wind 7 we" aeas, th € made availabl f-shore, on-shore 
Wind energy is ther n $ can also be used fo US helpful in su RA 


are non-polluting because iN son ‘ ; ea ql 
, Di b lx si hi urb è G {l 

o of energy. ind energy power 5Y° il 
Verse-eff, ,W 


i cas. 
ISady Pplying electrical power to remote and rural ar 
Wind ener 


Ò Ò es of 
ey 8€S of Wind Energy — Following are the disadvantag 
€et on the environment! 
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su l È fgy Scienc, 
svovis variable, unsteady, irregular, intermittent emy > low — de 
“ (y Wind energy! paria, "TM are discussed belo 
Saù 100, Rai 
and sometimes cpp varying atmospheric conditions of o 
sui 


; bine or Rotor — i i . 
Peratioy — GA sa The rotor Br * er !s the flowing wind and 
7 (i) Due design, manufacture and install wind turbines. % jses its energy t0 run xed in a orie 
o A to o) 
is quite complex | 


th dominant wild di ntation having sWept 
tur i to the predominant win i 

jts fluctuating nature, they need some sort Of sir, i Afea perpendicular p I irection, 

(ii) Die t0.ifs. 


ì i al; so that area of wind 
, Or} swept is maximum. Rotor may be of two types — horizontal axi 

ive si ergy, in case of non-avaj]a, Stream ila al axis rotor 
devices ite bateries oraltemative source of energy O nravailabi nd vertical axis rotor. 
of winds... 


e e ; 3 (ii) Windmill Head — It supports the Totor, houses the rotor bearinos 
|. (iv) Large wind'energy power generating system cause CONSIderg and control mechanisms for changing the pitch of the blades and for changing 
amount of noise pollution. È EER A orientation of blades. It is mounted on. top of the supporting structure on 
‘{w) Selectionof suitable site is quite difficult. | SR0i bearings. , 
. (Wi) Wind farms can be located only in vast open areas in locati, (iii) Supporting Structure — 
of favourable winds. Generally, such areas are far away from the load centr 


i The supporting structure or tower 
supports all the other components and prevents them from heavy wind load 
* 0.31. Discuss presentstatus as well as future prospects along with mei during gusts, and other ground related effects. Supporting towers may be of 
and demerits-of wind power in India. (R.G.P.V., June 201 following four types — 

Ans. Refer 0.28 and 0.30. 


(a) Reinforced concrete tower (b) Pole tower 
0.32. Describe the various components of wind energy conversi © (c) ‘Afiltup SIRENE (d) Truss tower. 
di 5 SE O (R.G.PV. Dec, 2005, Ill Among these truss tower is mosti 


i y preferred because’ of its low cost, 
easy avail 


23 ability and easiness to transport. 
i Ans. The power available in wind is due to i i i 


I ts velocity, i.e., kinetic ene, 
; © energy of wind can be utilized to run a turbine, which in © 
drives an electric generator 


3 and produces electricity. The main componenti. 
a Wind energy conversion 


System (WECS) are shown in fig. 1.1 in DI 
Cla tea Lo: Wi 
‘Maw Contro sglito To 108 * nd 
aa Mechanical Interface or Utill Turbine 
: Grid 1.Blade 
2. Hub 
3. Pitch 
d Change 
‘Mounting 
Structure 5, Nacelle 
6. Pintle and 
Drive 
7.Tower 
8. Foundation — 
n 9, Control Building 
Aero turbi a 
RA, rt con RA (008 
A mechanical interf. ceti energy of wind to rotary mechanical ell fi 
cansmits figg TOtary mech ema step up gear and a suitable 00" pi 
generates electricity: x; ‘aNical ener i ato "| A issi Drive Shaft and 
for pri raf STO turbijos .. BY t0 an electric gener co” — Rransmission, Speed Increaser, DI 
i proper OPeTAtion. Ya; Coltan Tequires a pitch control and yaW di Fis IRE Brake Clateh and CORP dt 
or vaw axis, È ol îs o Al — Electrical, Generator, Contro 
embzsi Da a ki e bl o to rotate the turbine abOU pio ì (At Ground Level) 
an wa DI he n 
È dero. en, ia faces the wind. T 6 pol. Fig. 1.2 
SE Shown in fig/1.2 and its CO : o 
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gf È ission Systern7 The rate of rotation of large Wind{ Introduction to Energy Science 
n 05 m. But in orde have optimum output Ra EE (iti) According to the Type of Output Power - 

der De frevolutio should be around 1800 r.p.m. Th É (a) D.C. output 

sa cat inrens the low rotor rate of turning. This is achie, li (1) D.C. generator (2) Alternator rectifier 

»ssary (0 "mission system. È Phnce 

2° si lectrie Generator — Both constant or variable speed ely. (1) Variable frequency, variable or constant voltage A.C 

fante d, hOWeYe: variable speed units are expensive 6 (2) Constant frequeney, variable or constant value AC 

According to the Rotational Speed — i 


type constant speed generator is ia o) 
. li 


aerator stà duction 
(a) Constant speed with variablepitch blades. This system use 


proved. A synchgonol! 

edin WECS. : 

(vi) Con trols - The purpose of a controller in WECS is to sa a synchronous generator of constant frequency output. 
shaft speeds and torques, output power, genen (b) Nearly constant speed with fixed pitch blades. This syster 


i S wind dir ecti , fr mm onditio an ndi ; fi I S SYyS ) 
ind \ rotects the ( ) Variable speed with ixed pitch blades. his SY stem coul. 


pp electrical faults, malfunctioning of components, ; 
“he components of a control system includes — ant frequency output. It can be further classified as — 
Mechanical, electrical or pneumatic. (1) Field modulated system 
logic modules, analog ciro (2) A.C.-D.C-A.C. link 
i (3) Double output induction generator 


imply, for const 


(a) Sensors — 
b) Decision elements — Relays, 


a microprocessor, a fvidics unit or a mechanical unit. 
© (c) Actuators — Hydraulic, electric or pneumatic. à = (4) A.C. commutator generators 
‘0.33. How is wind energy used for generation of electric power ? Dist... X (5) Other variable speed SERA freguenoy generali 
the merits and limitations of wind energy. (R.G.P.V., June 253° “i : 
ina Raf: 0232 TOSI ita (v) According to the Utilization of Qutput — i 
i (a) Battery storage "di 
0.34. How can we classify WEC systems, give advantages 0f wind eneit. (b) Direct connection to an electromagnetic energy converte! 
(R.G.P.V., June 2I ‘ *. (c) Other forms (thermal potential etc.) of storage 
tol '. (d) Interconnection with conventional electric utility grids. 


«Ans. Wind energy conversion s) :>ms can be.classified according 
Advantages of Wind Energy — Refer Q.30. 


following criteria — ’ l 
0.35. How can we classify wind energy system 2 Explain the 


(i) According to the Axis of Rotation — - 
(a) Horizontal Axis Machines = Thelaxis of rotatildisadvantages of wind energy. (R.G.PV, Dec. 2010) 
Ans. Refer Q.34 and Q.30. 


horizontal and sa aeroturbine plane is vertical facing the wind. 
) Vertical Avis Machines - i jon is vel! 
degni es — The axis of rotation is ‘°° ‘0.36. Wi 
The sails or blades may also be vertical, or nearly 50. LC Hob explanatory note on solar energy.  (R.G.P.V, Dec. 2016) 
: - Solar energy is the energy produced and radiated by the sun, more 


. (i) According to the Si 
ha specifica] } 
(a) Small scale machine w. Theythe SA ly, the sun’s energy that reaches to the earth. Solar energy su 
Medio KW. ary source of all kind of energy on the earth, originates in the sun 28 


be used on . Asi FR ; 
sine, farms, remote ‘Applications ‘and places requiring relative!) Sa thermonuclear fusion reaction. Sun can be considered as a large 
| (b) Medium scale machines, pow ANT pic te hellura. eee, which.ia contiunously propheTe hydrogen 
They are used to supply power to. achines, power output between “ iv. ?DergY ge fi reactions and liberating a large amount of heat energy. This 
(6) Legge sta several residences of a small s00!° {which 999, - by the sun in the form of electromagnetic radiations of 
are used to gi €.machines, power output above 100 K" »nergy recei aVIng their wavelengths in the range of 0.2 to 0.4 pm. Solar 
ved in the form of radiation can be Sd riverted directly or indir ect, 


enerate We, Safe n 
po T for distribution in central power grids. " 
Pr "6 7 ; 


sinlilamia La sica dere 


TWR AREA BLITZ 


pr Engineering (il-Sem.) 
into other forms of ent that in colder space, Causes air curre 
nm } ‘i abovi > 


' 


{ . Discuss prese Li 
and n of solar energy in Ind 
Ans. As out reserves of 
and nuclear'energy involves co 
imp few billion years, it can be regarded as almost an inexhausti 
rate. for. a fOW Pea o 


"tp india, here sun keeps shining in most of the part for almost enti 


vear solar enérgy can very much importance. Indian Governma 
gua, a and developed a Solar Energy Centre und 
the Ministry of Non-conventional "dd Sources. Its activities include R 
D of solar heating, solar thermal poer generation, solar passive architectu 
and'green house téchinology: i | 

In India, 10000 domestic and'5000 industrial solar water heating system 
2.25 lakh solar cookers, 10000 solar stills are in operation. 


furnace that can generate a temperature ‘of 2000°C and can be used for surfu 
hardening of steel and cast iron, etc. 

‘A solarthermal power plant of 22 kW capacity using focussed colle” 
and steam turbines, is-in operation at Solajipally village in Andfira Pradei 
Another plant. of 50 KW is under installation at Twal Pahari Premisses o! Ù 
Solar Energy Centre, Gurgaon, Haryana, “i 

Solar photovoltaics 

or 2 olar pond has been designed at Bhuj, Kutch district of Gujrat t0 SUP! 
220 lakh kWh of thermal energy per annum, about 1,25000 kWh of electri! 
" CA and about 80000 titre of-potable water per day. 


mne. 


(SPV) systems are used for powering a numbe!' 


p: ‘(i Solar energy is the m 
we can utilise only 5% of:total solar energy, it can fulfill OUf si 


ab 5 pil 
xhaustible source of energy as, sun will © 


Ds th 
$ can 
sperati @ “irent in 0ceanS, causes the water cycle and helps So energy 
eni its use for extensive applications, which are — 
‘sreseri status as well as future prospects along with mp,, 
erit stati . (R.G.P.V., June 2011t earth's surface. 
si coal;oil and gas will last only for few more Yen 
viderable hazards, solar energy can be a veri 
nucle done is expected to be radiate at this coristyack-up system. 
f energy. Since sun 15 EXP" 
portant source OT ene 


dit 
| Department of Metallurgy, College of Engineering, Pune designed a so; 


The solar ray 


Sa pe ” enet flat plate coll 
Ost potential renewable source 0! “ el coated wi 


Msg beat Sa i i i i aterials are 
areglass and ne fluid. Commonly used insulating mM 
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(v) In remote areas, where conventional ene 
be quite useful. 


Demerits - Despite all the merits, solar energy h 


T8Y Is not available 


as certain limitations to 


(i) Theintermittent and variable manner in which solar energy arrives 


(Gi). Large area required to collect solar energy at a useful rate. 
(iii) «Its non-availability onrainy days and in nights, requires an auxiliary 
0.38. Discuss importance and limitations of solar energy. 


(R.G.P.V.,, Dec. 2017) 
Ans. Refer Q.36 and Q.37. 


0.39. Describe a flat plate solar collector. Give its advantages and 


lisadvantages. 


, Ans.'When temperatures upto 90°C are adequate as for space and service 
vater heating. Flat plate collectors are used. They are' made in rectangular 
anels, from 1.7-2.9 m? in area, and are relatively simple to construct and 


rect. They can absorb both direct and scattered solar radiation, therefore 
ey are partially effective even on cloudy days, when there is no direct radiation. 
asic principle of a typical flat plate collector (liquid type) is shown in fig. 1.3. 


Solar Radiation (Direct and Diffused) 


Transparent Covers 


Insulation Heat Transfer Fluid (in Tubes) 


Fig. 1.3 Flat Plate Collector 
A typical flat plate collector consists of — 
G) A flat plate absorber 


Sus (ii) A transparent cover 
(i) A heat transfer fluid 


(iv) A heat ingulating bacFing. 
S pass through transparent covers and fall on absorbing surface 
ectors. The absorbing surface is made of copper, aluminium, o 


tha heat resis i thin laver of a black oxide (e.g., 
*Pper oxide on co tant black paint or a y 
,; ONverted into h 


Pper) to absorb the solar radiation energy. Radiation energy 
©at, and water flowing through the tubes gets heated. 


; x 
© function of Insulation is to prevent the heat loss from the absorbe 


cam 


| 


a eee eee" 
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su Energy 8 Lie n para e collector tubing is connected to an insulated tank, that stores 
Agivantages =" di i. direct and diffuse È wa on. in fig. Di pura it is not required. The collector absorbs the solar radiation 
- They 8 ci uire orientation towards DI o pe ficsfer this heat to the water ia vi the a either by 
“ Th 3 i s com O ‘an : ‘3-4 m° in combinat i 
(i) They do-n0' Jer in construction a . » O Tocyz® avity or by a pump. A solar collector, area of 3-4 Roo nr o with an 
(ii) They af pa pcentrating: reflectors, aDSOrDIN& Surface, ti latéd tank of ‘200-400 litre capacity can provide 200- itres of hot 
S ires con su Ù i 

Hectors: which: uires.C VT at an average temperature of 60°C on a sunny day i | 
col tion devices. © MERE i l'a w lar water heating systems can be used for domestic, commercial and 
orienta pra They require little main * 1 Nr; lications. Commercial uses may be for hotels, hospitals, guest 
cea n gii a i IEEE ovtois canteen, etc. Industrial applications includes for sugar, textile, 

‘’Disadvantages . ouses, ’ 4 


(i) Low thermal efficiency. 
(ii) Requires larger AGERE 0.41. How solar energy can be used for a and n 
Rao ost 1s More. 1” .G.P.V, Dec. 
(iii) Energy ai » tion has to be used to prevent the freezipeating ? .. 
fiv) ra a pa i Ans. Use of Solar Energy for — 
heat transferming fluid. tar 


ng for water heating. * (i) Electricity Generation — Electricity from solar energy can be 
)i solar energy ? 
0.40. Discuss the use of 


. . 2produced in two ways — 
6 Cita (a) By solar thermal power production system. 


hemical, pharmaceutical, dairy and food processing industries. 
Cc. , 


Ans. The basic elements of.a solar water heater are flat plate coll (1; «Star photovoltaic'cells. 
in ical flat plate collector consists of a black _& | duction system, solar energy is first 
and an insulated storage tank. A typic LP | terflow.Itis usually proi In a solar thermal power produc y l : i lr 
metal Sapia tubing pa È layer of insulgollected by using a solar pond, a flat plate collector, 
with a glass cover (one or more layers of g 


. ; ida i internal 
Su f.sun as she heliostates (turnable mirrors). This energy is used to -- vw In ci 
beneath the plate. The collector is placed to face the direction of.sun 2nergy or temperature of a fluid. This heated fluid may be used directly 
E xa è i Cold h 


: i cat 

iny of the common cycles such as Rankine, or it may be Ga p ; > 

Mater Ha nother fluid by means of a heat exchanger, which in turn can be Di 
Wikycle to produce mechanical power, from which electricity ca 


yroduced. 


\ \ i i Î Insull . In second case solar photovoltaic cells can be used to convert solar energy 


lirectly into electricity by means of photovoltaic effect. Photovoltaic effect 
‘an be defined as the generation of an electròmotive force due to absorption 
fionizing radiation. ; n. 
Photovoltaic cells are made of semiconductors that generates electricity 
vhen they absorb light. When photons from sun are absorbed di 
| emiconductor, they creùte free electrons of energy higher than the n 
pipe with vhich provides the bonding in the base crystal. These free electrons ii 
Insulati" ollected on the contacts applied at the surfaces of semiconductor. i 
evices have theoretical efficiencies of the order of 25%, while È 
fficiencies can be only 10 to 12%. The best known application of no 2: 
ell is electric Power generation in spacecrafts. They can also be use 


si; . d rural 
i nergisation of pump sets for irrigation, drinking water supply an 
me —__—_ r_—==s È lectrification. 


Kracsglenona 


GAD Black Absorber n cha 
sula tion. With Water Tubes ‘’* 


restore zcananeeecae 


(îi) Water Heating'- Refer Q.40. 
tem (Flat Plate Typ®) 


4 
» 
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nviro for the water heat; 

“pie se of solar pri fe (R.G.PV DE mM 43. Explain the uses of solar energy for the purpose of — 
| ja ; f electricity. | > Dec. y, 0. Pi Solar water heating (ii) Solar air conditioning. 


for — (R.G.P.V., June 2011) 

— Heating — Refer Q0. Ans. (i) Solar Water Heating — Refer Q.40. 
Water Pi ii Solar energy may be used for heatin, (ii) Solar Air Conditioning — Solar air conditioning refers to the 
Space systems MAY be of two types; VIZ. active and Passcooling of buildings by using solar energy. Two common techniques used for 


buildings. Soli Rls radiation is collected by some part of the Struicooling are vapour compression and vapour absorption. For solar assisted 
l In passive Sylem& SI pinto building through large, south facihg Windivapour compression cooling, the solar energy is converted into mechanical 
or admitted Ls colline are used for warming the spaces by hexenergy which is then used for compression of vapour. The vapour is then 

In active systeme, 90/A1 ‘building does not require heat, the warmed liqucooled and condensed into a liquid. The condensed liquid is then vapourised 
either water Of 21F. Wheo ‘ved toa heat storage container. In case of aj by using the heat from the air to be cooled. This process has limited application 
air from thè collettor Ap some other heat holding materials, whidue to the high costiof conversion.of solar energy into mechanical energy. In 
storage js often ; pileo n vally well insulated tank of water. Heat can alsabsorption cooling systems two working fluids, a refrigerant and an absorbent- 
case of liquid, SE. a on called eutectic or phase changing salts. Trefrigerant solution, are used. The absorbent cooling is based on the principle 
firof si voabiazmtot vee tores a large quantity of heat, they release[hat the refrigerant can be bound by a liquid or solid solvent, known as the 
lente di In nights, when building needs heat, aabsorbent to:release heat during absorption, while it absorbs heat during 

ped Li cool and LA ù. ta DIGO ed by means of'fans or puevaporation.(and thus produces a cooling effect). The two most cominon 


: ERI : nn OMbinati iBr-water (LiBr as absorbent and water as refrigerant) and 
Sa hine-0OMbinations are LiBr-wa 
| Passive systems are used where, there is ample winter suns 


a dior 9 ia (water as absorbent and ammonia as refrigerant). 
unobstructed southem exposure is possible. While active systems canbe i, “Ra 
to almost any location and any type of building; however they are more expei 
| than passive systems to construct and operate. p 
Passive systems work on natural convection, thus does not! 
pumps, blowers.or other : 
mechanical devices. While in 
active systems, fans and 
pumps are used to circulate 
the air and most often a 4 
separate heat absorbing fluid. Flat Plate — 
An active systeri thus gives 
more controlled building 
temperatures, o 
Whether. ‘active Or 
passive Systems an auxi > 
back up heating o 
always needed t0 compensate. 
on sunless or cloudy days, 
An active. system for 
space heating using solar. 
energy is shoWninfig. 1500 


rvcentinti 


Refrigerant 


Flat plate 
Collector Condenser 


Cooling 
Water 


and Absorbent 
Solution 
(<) Expansion 


Valve 


E vaporator 


Heat 
Exchanger 


I 


t A simple solar 


Fig. 1.6 Solar Absorption Cooling System 


Heat Storage 
Container 
Water-to-Air 


È Wi: operated absorption cooling system is Lo 
‘ “0° ‘Yaler is heated ina flat plate collector array and is passed throw"? 


Bat exc 3 ; 

ne called the generator. The whole system consists of four un 
più » Condenser nerator contains .! 

Fig. 1.5 Space Hea dlution mi » 2vaporator and absorber. The ge ni 


Mixtu K - ; he 
(iii) Production of Electric; Reiiodi Te of absorbent and refrigerant, and this mixture gets 
tricity — Refe (41. 
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Energy & EnviroN prin ur is boiled off at a high PIeSSURE , 45. What is solar pond 2 What is the principle on which it works ? 
ith solar energy” dea ore it gets condensed sie ion and bey State the merits and limitations of solar pond. (R.G.P.V., June 2012) 
flows into the condenso” efrigerant then passes ! i Vi, va . cr ì | 
liquid at high pressato rat The refrigerant vapour us ined Abs What is solar pond ? Give an account of merits and demerits of a solar 
and evaporates inthe ev raken from the generator IN which the reftige non d (R.G.P.V.,, Dec. 2012) 
into a solution De The rich solution thus prepared is pumped Dak Ans. Solar Pond — Refer Q.44. 
concentration 5 dh pressure to complete the cycle. A heat exchang, Merits — 
sc io ana heat between solutions flowing between the absy (i) They have a low cost.per unit area. 
o generator. I (i) They can be constructed over a large area, enabling the diffused 
44 Explain how thermal energy is harnessed from solar pond, solar radiation to be concentrated on a large scale. 
0.44. | (R.G.P.V., June 2) (iii) They can supply energy even during the monsoon season. 


Ans. A solar pond is a large area brine pond, which acts as a large Limitations — 
solar energy collector. It works on the following principle si (i) Solar pond power plant has high capital cost. 
ANI fluids, when heated become lighter and eta to "in Sia “ (ii) They require large areas. 
, è o ri ttom of the 
heated by Sun's rays, it become hot and starts to rise Irom o n ; . : did Sa 
to its siifare and Lol its heat to the atmosphere. But, if dissolved salts; 0.46: Explain the use of solar energy for cooking. Give its merits and 


present in the bottom layer of the pond, this energy can be entrapped infemerits. 
ponds în the form of thermal energy. i Ans. In India energy consumed for cooking shares a major portion of the 


‘A solar pond is a mass of shallow water about 1 or 2 metres deep wifotal energy consumed. In villages 95% of the consumption goes only to 
large collection area, which acts as a heat trap. It contains dissolved saltsPooking. Thus, use of solar cooker FRUSAreA lot of energy. The principle of 
niagnesium chloride, sodium chloride or sodium nitrate with. ail Centr Peration of a box type solar cooker is shown in fig. 1.8 (a) and its components 
varying from 20-30% at the bottom to almost zero at the top4Due to nette shown in fig. 1.8 (b). The solar rays penetrate through the glass cover and 
cdlictniration pradicat, cinvestigli ia ularcat elininatecii aci IARA,cA" :bsorbed by a blackened metal tray kept inside the solar box. The solar radiation 
from lower layers by conduction. ‘ntering the box are of short wavelength. The higher wavelength radiation 


vhich are reradiated by th b 

<a : i 1 : à om... ymMe a sorber plate are stopped by glass cover to 
po: - 1./ CONSIS : ù inimi 

A solar pond'as hown in fig 7 Ists three zones The top minimize heat loss. Two glass covers can be used to minimize the heat losses 


i na n Ji 130 contgns spie apc prher The loss due to convection is minimized by making the box air tight 
incréases with depth a i atmospheric. The salt i y using a rubber strip all round between the upper lid and the box. The space 
zone is known a storage SD of 1.52 m it reaches about 0: \etween blackened tray and outer cover of the box is filled with insulating 

ge zone, having very high temperature about naterial like glasswood, paddy husk or saw dust to minimize conduction losses. 


SR e cooker is placed in the sun, the blackened surface starts 

ots, which e and temperature inside the box starts increasing. The cooking 

nergy and fsi SO: blackened are placed inside with food material, get heat 

>mperatu A will be cooked in a period of time, depending upon the 
Te attained inside the cylinder. 

The amount of s 


de maximum temp 


(n-Sem.) 
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; ska 
sur 0.47. Define photovoltaic effect. 

Cotes Ans. The photovoltaic effect can be defined as the generation of an 
ctomotve force 25 2 result of the absorption of ionizing radiation. Using 
voti effect solar energy can be directly converted into electrical energy. 
SN Vvices which work on this principle are called solar cells or photovoltaic 
cells, When a solar c ell is illuminated, eléetron-hole pairs are generated and the 

btained, which is equal to the difference between the 


Blackened electric current (1) is © 
(I) and the diode dark current (E), i.e. 


re Metal Tray solar light generated caperi tf 
(a) =I-J 
0.48. Write about solar photovoltaic cell. (R.G.P.V., June 2015) 


Ans. Solar cells are the basic unit of a solar photovoltaic system, which 
sonsist of two orimore especially prepared layers of semiconductor materials 
srocessed with an additive that makes the device photosensitive. When photons 
strike the surface of a solar cell, electron-hole pairs are released, generating a 
Jow of electricity. Thus, a solar cell is transducer which converts the solar 


Guide for ‘adiation directly into electricity. 


djust t 
Ani aeco 0.49. What is photovoltaic cell ? Explain how electricity is generated 


of Reflecting 
Mirror »y. solar photovoltaic systems. What are the merits and limitations of solar 
(R.G.P.V, Dec. 2015) 


Reflecting 
Mirror 


rhotovoltaic systems ? 
Ans. For photovoltaic cell, refer Q.48. 
The photovoltaic' effect can be described by a p-n junction in a semi- 
:onductor. In an intrinsic semiconductor material such as silicon having four 
ralence electrons each of which is tied in a chemical bond, and there are no 
ne electrons. If such a material is doped by a material having five valence 
ectrons, such as arsenic or phosphorus, there will b cess of electron 
. Fig. 1.8 So i e IA 
SDA g sà, Cooker “% Ri; It will become an n-type semiconductor. If other side of the same piece !S 
pe e inside the cooker is maintained from 70 to ! 10°C 'oped by a three valence electrons, there will be deficiency of electron leading 


the ambient te ture. whichj teli Li ; . 
mperature, which'is enough to cook the food slowly, S°9 a Ri ee semiconductor. This deficiency is expressed in terms of excess o! 

oles fr. ; , vigne: : ; Di 
ce to move in lattice. This piece of semiconductor with one side as p- 


Handle 


(b) 


and with delicious taste and preservation of Mhrrienii 
its — ) / o i 
sea : Tono ther as n-type is called a p-n junction. A _p-n junction is usually 
w No fuel is required. (ii) Negligible maintenance. gaseo Y putting a p-type base material into a diffusion furnace containing 
(ii) No pollution. muco et Sa dopant such as phosphorous and allowing it to diffuse into 

(iv) No attention is need about 0.2 um. 

ed durin i T 

B cooking. he most common configuration of a solar cell using p-n junetion is 


(v) Nutrition value a eo 
nd natural ta troy own i 
ui i st des nin fig. Re . 
Fiaiiiatione — e of food are not posi a When this junction absorbs photons from sunlight, electrons 
È Owards p-sid to Cc snsate thei 
(1) Food cannotbe ‘specti p-side and holes of p towards n, to compensate their 
c ; - . ’Spectv ienaì i l 4 
(ii) Cooking takes esi at night or during cloudy dar” eld, if si cioncies. This diffusion of holes and electrons creates an electrie 
ii ; Paratively more time. rCUÌt the e a contacts are made on both sides and connected to an external 
tons will move through this circuit. This movement of electron 


(Il-Sem.) i 
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Me 
mental Engineering 


viron na 
Eriergy & E" iusisde basic principle of photovoltaic cony 
‘o current. MIS ‘nto electrical energy. 


DI ht 
Sunlig ——— useful power. 
(ili) Cost of electricity generation is also high from these cells about 


(ii) The efficiency of solar cells is low. As solar radiation density is 


è 
also low, a large area of solar cell modules are required to generate sufficient 


%8 to 15 per kwh. 
(iv) The solar cell output is not constant and it varies with the time of 


the day and weather. Thus, an additional power source to be used in conjunction 


i to maintain a constant output. 


0.50. What is nuclear energy ? Discuss Indian nuclear energy programme. 
(R.G.P.V., Dec. 2015) 


Or 


What is nuclear energy ? Discuss its potential and utilization in India. 
(R.G.P.V.,, June 2009, Dec. 2010) 


«region 
do 7, — Diffused Layer Ans. Nuclear Energy — Refer 0.10. 
l Indian Prospects - In India there are considerable resources of nuclear 
. fuel. India having 70000 tonnes of uranium, if used in pressurised heavy water 
- Metal Conductor reactors (PHWRs) to generate electricity it can generate about 10 to 15 GWe 
Fig. 1.9 Solar Cell i a period of thirty years. Plutonium and depleted uranium discharged from 
: : hese PHWRSs, if used in' fast breeder reactors (FBRs), they can increase our 
Merits — nstalled capacity upto 300-350 GWe. India also has large deposits of fissionable 
The major merits of solar PV systems over conventional power sySnaterial-thorium, which can eventually be used for power generation. 
Late Dr. J.H. Bhabba, recognised the importance of nuclear energy and 
(1) It converts solar energy directly into electrical energy. —ntroduced a 3-stage nuclear energy programme for the devel opment of nuclear 
(i) It has no moving parts. »ower in the country. 
(i) Solar PV Systems are reliable, modular, durable and gen" Stage I — Construction of natural uranium fuelled reactors, using heavy 
maintenance free, | vater as moderator and coolant to produce electricity anda fissionable material 
_(iv) These systems are quiet, compatible with almost all environmlutonium (Pu?59). | 
respond instantaneously to solar radiation and have a long effective life Stage II — Construction of fast breeder reactors, which utilises plutonium 
. (v) A solar PV system can be located at the place of use and ind depleted uranium, the by-products of first stage. These FBRs produce 
no or minimum distribution network is required, as it is universally avalhore fuel than they consume while supplying electricity. They will also produce 
(vi) They have wide Power handling Pi abilities from micro!” from thorium, used as a blanket material. 
to Kilowatts or even megawatts when modules are combined into Jarg® — Stage III — U233 will be used as fuel and thorium as blanket, producing 
alTays. rore U?33 fuel than consumed in fast and thermal reactors. 
Limitations — ? At present there are 5 nuclear power plants in operation in India. 
; Despite the above mentionéd advantages Bi otovoltafo cells are nol India”s first nuclear power plant with a capacity of 420 MWe has been 
or commercial power Beneration, because of the following Jimi! bic: ocio at Trapur (Maharashtra). It consists of two BWRs each of 210, 
« (hurdles) — LP © Capacity..It uses enriched uranium (1,5-2.5%) as fuel and ordinary water 
Si felt n powe! al coolant and moderator. Due to stoppage of supply of enriched uranium 


are — 


(i) High initial cost Solar 
high cost. Solar cell arrays cost &200/w. 
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i ide (MOX i 
tists developea gue sd pit slow neutrons, while nuclei with even number of neutrons su ch as Th232 
“i la uires fast MOVINS electrons. 

eq Nuclear Fusion — Nuclear fusion is the process of combining two lights 
‘nuclei into a heavier nucleus. Mass of the nucleus formed in this Process is 
less than the total mass of original nuclei. This loss of mass get converted into 
energy. Nuclear fusion of 4 hydrogensatoms generates about 26.7 MeV of 
‘energy. This process is a thermo nuclear process like one which takes Rise 
‘4isun and Hydrogen bomb. 


È i 4.,H! + pHe' +2,e + 26.7 Mev 

breeder reactor with a design capacity of 40) I i 109 i 

O al attained its first criticality on 18 October 1 Differences between Nuclear Fission and Nuclear Fusion - 

n° cage FBR, we have entered in the second stagdifferences between nuclear fission and nuclear fusion 
With the commissioning a 


table 1.2. 
"; 7 rogrammEe. 
cia ia power plant of India established at Narora, have two 


of 235 MWe each and provision has been made to expand its Capacity to! S.No. 
MWe. I works on CANDU-PHWR system and used natural uranium as (© 

The Kakarpara nuclear power plant in Gujrat is the fifth nuclear po 
plant of India, which have four reactors of 235 MWe each, out of which 
already have been commissioned. 

Indiaalso recognised the need of reprocessing the irradiated fueltosep: 
out the radioactive fission products and to recover plutonium_and defi 
uranium. It also established a 30 tonne/annum capacity reprocessing pli 


- Rana Pratap Ss 
was installed at P_Sagar 
power par of 220 MWe each, which works on € 
o uni ure tube reactor using natural uranium a 
ras moderator and high pressure heavy water as cy 
ater as Jant was installed at Kalpakkam (Chennai) 


(Rajasthan 
principle. i 
Jow pressure heavy W : 
5 e . . 
dalai ei of 235 MWe capacity and will use na 
has two fast reed 


uranium as fuel. The 


The 
thermal and 13 MW el 


are given below in 


Table 1.2 


Nuclear Fission 


It is a process of breaking a 
heavy nucleus into two or more 
light fragments, with the liberat- 
ion of large amount of energy. 


During fission, neutrons are 
emitted. 


It is a process of joining two 
light nuclei into a single nucleus 
with the liberation of a large 
amount of energy. 

(ii) During fusion, -protons are 
emitted. n 


(iii) 


Trombay and a 100 tonne/annum capacity plant at.Tarapur. 

Thus, now we can say India has the capacity of total fuel cyek 
from exploring and mining of uranium, fabrication of various gpl 
elements, design construction and operation of PHWRSs, production o. 
Water, reprocessing of irradiated 
and radioactive waste management. 


0.51. Briefly explain the nuclear fission and nuclear fusion. sa . | [rolled congitions. 
differences between them, (R.G.P.V.,, June 201), ; fÒ di "Sults in emission of radio- 
Ans. Nuclear Fission — Nuclear fission is a neutron induced w ala ‘*YS and other hazardous 
casa Ve Wwiiich a heavy nucleus such as uranium divides into two inter” ; =: 
lighter nuclei. This fission ofthe nuclets produces two or rarely thre° fine 0,52. State th 
moving at high M "eactions. 


» two or three neutrons and considerable ® 
7 Clear fission reaction is, 

Aa P seBa!4 + Kr92 + 3 n! + Energy 

Only certa hey nucle; di ; 


reaction for a Partffffaueyy depends on the energy of incident! 
Nuclei with odd nimbe 


7309 de E 
t of neutrons, U?33, 17235 and U?°, uN 


oi 


D 
ui 


i - use in" 
fuel.to recover plutoniam for use 


The mass number and atomic 
number of resulting elements 
are lower than that of the ori- 
ginal element. 


(iv) 
eratures. 


(v) 


Ans. Neu 


roduce a 
di Uge amo 
lFIlowed to soon; i Of ener 


Ntrolled chain r 


It takes place at ordinary temp- 


It can be performed under cofi- 


e difference between uncontrolled and controlled chain 


The mass number and atomic 
number of resulting element is 
higher than that of the starting 
elements. 


It takes place at very high temp- 
erature about 108 °C. 

It cannot Be performed under 
controlled conditions. 


The end product is helium which 
is harmless. 


trons produced by fission are able to split other nuclei, and 

sit dtohi gy. If such a continuous fission of material is 
e sai atti, sit wi l sg 

can undergo fission and thé frobab! !” ne'ROwn as unco II develope a huge amount of energy. Such a reaction ! 


ol eaction, this concept is used in atom bombs. 


ingering 
_nnmental Engine i 
menta! ;utrons produced by the fission Of a 
iwo.t* {her atom, and one of the neutrons from this 
ssion fn a third fission, and so on, a Self-sustainir 
0 Ca o 
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Ans. Nuclear Fusion Energy — Refer Q.51. 


promises and Present Status of Nuclear Fusion Energy - The fusion 


» OPERA rnous amount of energy, but they are still 1 
ue ti reaction 18 | i us hold an enornous ’ not used 
second fission 19 soi ult, This self-sustalning chain known as reactions th 

3 ill result. 


basis of nuclear power generation, | 


tion and forms the | 


O FP | 
ON; 
ON; 
ON; 
O FP 


OFP 
O ON; 
ON3 
ON ON3 
Nesiren N 

= ON DFP 
nÎi ON3; 


Les 


FP ON | 


OFP | 
N = Neatrep 


DFP 
FP - Fission Products 


ON; 
: 6 ) Db) N3 ° 
FP N 
: OFP 
Fig. 1.10 Uncontrolled Chain Reaction 
Controlled Chain Reaction — In this type of chain reaction, the:reacti 


is ffirst accelerated so that the rieu bui 1 ani 
trons are built up'to a certain leve 
thereaffer the number of fiss A 


È ; È 
Sucha Sion producing neutrons is kept constant by sor 
means x controlled chain reaction is used in nuclear reactors. 


Control Rod 


- ° 
Stray (1) a 
Neutron °° 
Fig. 1.11 Controllo | 
io ontrolled Chain Reacti 
053, i High n Reaction ì 


ar fusion è Ei e est! 
status of nuclear fusion eners. CE * Discuss.the promises and P". | 


iii SR ui (RGPV,; June £° | 


| Waters. Th 


for power generation due to the following two requirements of a fusion 
reaction dd For fusion to take place, the reacting nuclei should possess a 
large kinetic energy t0 overcome the coulomb repulsive force between them 
and fuse together. The average kinetic energy required by the nuclei is estimated 
to be of the order of 100 million degrees. Due to the requirement of such a 
high temperature, these reactions are called thermonuclear reactions. Such 
conditions necessary for fusion reactions to takes place exist only on the sun 
and stars. 

(ii) At high temperatures, the atoms are stripped off their electrons, 
and the-unbound nuclei and electron exist as plasma. This plasma which will 
be at very high temperature, must be confined long enough to produce energy. 
No physical. container can contain the plasma. 

è Fusion reactions which use deuterium (,H°) or tritium (,H*) can be used 
fot power generation. This process has following advantages over nuclear 
fission — ta 

(1) They are 4-5 times more efficient. 


(ii) Fuelrequired, i.e., deuterium is available in unlimited quantities. 


For example, out of 6500 atoms of hydrogen in sea water, one is a deuterium 
atom. 


(iii) It offers a low cost and pollution free energy. 


# order to make nuclear fusion, the interacting nuclei should have small 
Positive c 


i charges, i.e. low atomic numbers. Isotopes of element hydrogen (which 


a i di 
s the lowest atomic number), deuterium GHO) and tritium ( BD) are best 
Sulted for fusion process. | 


Deuterium also call 
which 
during 


i ed as heavy hydrogen is a stable isotope of hydrogen 
SSIS together with hydrogen. Deuterium is supposed to be formed 
the SPRANON of solai system and was retained on the earth in the ocean 
hiydrogen si €xIsts one atom of deuterium for every 6500 atoms of ordinary 
1,00,000 K Vor: Total energy content of deuterium as fossil fuel is about 
released by fissi of energy per gram of deuterium. This is 4 times the dr 
Teleased by co ubi i 1 gram of uranium, and is about 10 million times of !h2 
liiday ve Ustion of 1 gram of fossil fuels. l 
de about 6% e world energy consumption in all forms is estimated - 
the fusion of KW-hr per year. This entire energy could be supplied o 
only 600 metric tons of deuterium. To separate this amount 0 


Engineering (m-Sem.) 
48 Energy & EN would be required to allow the water 


deuterium from © 


rude that amount of deuterium present in the Wal 
Thus, we can cone in the present total world energy output A 
CREA imated age Of our universe, K 

» «chis. ten times the estim i ehy 

100 billion nen pio mising solution of our energy requirement fy 
fusion seems 

to come. A. ; 

gggnen che huge potential fusion energy is still in experimental phy 


of many scientific and technological problems involved. Till now 
soli ici Prinston University; America have achieved successi 


controlled fusion reaction using mixture of deuterium and tritium. 
Qu Discuss present status as well as future prospects along with meri 


and demerits of nuclear power in India. (R.G.P.V., June 201} 
Ans. For prospects of nuclear energy in India, refer Q.50. 
 Merits- 


(i) Operating costs are low. | 
+ (ii) Transmission and distribution costs are low as they,can be localt. 


near the load centres. 
- @) Theirreliability is high. 


(iv) Best suited for locations, where conventional energy sure 
are not available or very costly. csf 


Demerits - 


ii 


Fanes (i) Very high initial cost due to high dost ofreactors and requ ire 
of specialized Personnel fot their erection. 


pai È raguiieco mplicated, as tadicactive hazards are invol" 


init. 
ement needs special attention. 
0.55. Write an essay on nucie fue 
generation in ii. © “© <<< Power plant and the sour ces 8 gl 


ta (R.G.P.V., Ip ji 
< i i e 20 G 
RANA the nuclear energy Of radio oi 
reactor, heat exchanger, st si nuclear power plant consists of @ 


ua 
as shown in fig. 1.12. 


. Ss } 
©, alternator, condenser and vario!” 


enero ia i n. . 

0, is due to the fact that solar radiation and winds are distributed 
planet’s entire i energy is conce 

along the 3 surface area, while wave gy 

SDBrey, 


è _—=— “E 
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A nuclear power plant is Very much similar to a thermal power plant. Ir 
nuclear power plant instead of a furnace, there is a nuclear reactor, in whicl] 
heat is generated by fissioning Or splitting of MISERI atoms.The heat exchange 
in nuclear power plants corresponds to the boiler in thermal power plants.Th 
heat liberated in the reactor due to nuclear fission of the radioactive fuel i 
taken up bY the coolant circulating through the reactor core. Hot coolan 
leaves the reactor at top and then flows through the heat exchanger. Ho 
coolant gives its heat to the, secondary fluid in the heat exchanger (generally 
water). The water which gets evaporated due to heating in heat exchanger anc 
steam thus produced is used.in steam turbine to drive alternator to generate 
electricity. The steam after doing the work in turbine gets condensed in the 
condenser. The condensate pump sends the condensate back to the heal 
exchanger, thus forming a closed feed cycle. 


Containment and 
Biological Shield 


Primary Fluid or Coolant 


Secondary 
® 


Fluid 
Ì Feed Pump 


Fig. 1.12 A Nuclear Power Plant 
Wastes from Nuclear Power Plant - Refer Q.98, Unit-IV. 


; n Heat Exchanger 
Circulating Pump 


s-47 0.56. Give potential of ocean wave energy. Also give its advantages and 
limitations, 


ar 0 About 0.01% of solar energy falling on earth is get converted 

1012 ave energy, about 10! to 10!3 W. At a global renewal rate of 2.7 * 

chm o ar or wind 
ore than the energy can be produced by using solar 


Itis PR the average wave energy flux worldwide is 8 kW/m of shoreline. 


ntrated 


. : se of 
:36,000 km long coastlines. Thus, it iS 2 potential source ‘ 


Adv. . 
antages — Ocean wave energy has following advantages — 


; Engineering (Il-Sem.) 
Erra & rv ton fi Th 
°° rnorovinwaves is in concentrated form. Therefore their, 
 Eneray itan that of wind or solar, that generate them, 


“ Risa free renewable and pollution free energy source, 
DI INS: i) 


s> Untike tidal energy, which is site specific, some potentia] î 
rd exist on almost every coastline. 


nerg | 
) 
sape è machi MOL, 


Th 
Sor CÈ roy 
eg cas, used as a fuel, can be TONgLSa, 

iv} As energy Îs extracted from waves, it leaves the water ì 
Bugie calma state. ; 

Limitations — Limitations of wave energy are given below — 

di The major limitation of wave energy, as compared to windy 
vdaremeney, that enersy is available in oceans and equipments have to opera 
n + marine environment and withstand very severe peak stresses in storm 
Forer. energy have to be transported to a greater distance to shore. 

E) Sites.of potential wave energy are Very Scarce. 

2) The output is of very much variable nature. 
fiv) Wave energy conversion devices that have been proposed til 
anda are very complicated. 

(v) Capitalinvestment, cost of maintenance, repair and replacemeil, 
aflarevervbigh. . — 

{vi} Hf significant amount of wave energy is removed from watei, Ì 
can affeci the cosstalecosystem adversely. It can affect sediment transportatio 
and fenciioning of nearshore biological communities. | 

0-57. Write informative note on tidal energy. 
FABI (R.G.PV, Dec: 2004, June 200% 
ce Tp © O e 
results in the periodic tise and Da $ the change în the motion of sea ” dal 
cycle of rising and setting of sun “n SE Nes 1 rhythms Va foi 
water level is called tide, Wh Moon. This periodic rise and fall © ; 
tide and when the level i Water is above mean sea level it is called fl0 
This large scale up 
unlimited source of energy. € dit S 
and high tide can be utilized ig gg ee in pressure head during Jow 
across the mouth of the bay.Itwij ce electric power, by constructing * 


ti 
dol 
i cr installed ini ti o Da a init and low head per 
e basi and sc. Tre sin gin e E otaineo ei 

g low tide. In both e ne =; x 2s ca D P 


AS 


i 
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RIRORETT kinetic energy to run the turbine connected to a generator 

arts 7 reversible turbine, turbine can be run continuously, both during high 
î Sa ta 

ti ride. Principle of tidal power generation is shown in fig. 1.13, 


imp 
By usin 
tide and 


—- 
-__ 


_— — 
mn 
25 


-_- 
Pi E eslenioni 


-_ 
- 


= 
an =" 
ei 


(a) High Tide 


(b) Low Tide 
Fig.4:13 Principle of Tidal Power Generation 


The above arrangement of using tidal energy is known as single basin 
plant. It will continue to generate power till the tide reaches its lowest level, 
after thatitvwill shut down the turbine. Thus, to obtain power continuously 
withoùt interruption a two basin plant have to be used. 


Tidal'energy is a renewable, inexhaustible and pollution free source of 
energy. But tidal power plants having low efficiency (3-4%) and variable output 
also have adverse effects on environment because dams may trap sediments, 


impede the migration of marine organisms, change water circulation and cause 
mixing of fresh water with salty water. 


0.58. Give merits and demerits of tidal energy. 
Ans. Merits of Tidal Energy — 


(i) Itis a renewable and inexhaustible source of energy. 


(ii) Itis completely independent of the uncertainty involved in rainf: all. 


RE if there is a continuous dry spell for many years, it will have no effect on 
idal power generation. 


fuel and (ii) It is a pollution free source of energy as it does not require any 
also does not produce any unhealthy waste. 


SR (iv). These plants do not demand large areas of valuable land, as they 
ated on bays (sea shores). 


a (V) When working in combination with the thermal or hydroelectrie 


D Pa It can fulfill the peak power demand effectively. 
Smerits of Tidal Energy = 
1 i l Ea 

IN output n Fundamental drawback in utilising tidal energy IS the variability 


ui DI variations in the tidal range. 
Wide head a tidal ranges are highly variable, turbines have t0 work on 4 
atton. This affects the overall efficiency of the plant. 


eee 
neering (Ii-Sem.) 
vironmenta! ° 


| head turbines, whi 
ts:require low a s È Ich Tr 
De cignr ed to high head turbines of aj 
a 


se Energy & EN 
(ii) Tidal power 

more costly and larger I s 

power... : vii is highly corrosive, and the machinery May gy 

(iv) Sea 

corroded easily. sea or in estuaries is found difficult, furthe, 


; nstruction in ; : . . 
o. Fa natural uses of estuaries such as, fishing, migration 0 
hampers 1 


; anisms and navigation. I 
marine org ;) Tidal power plant could alter the current velocities and Wave 
(vi vential effects on the pattern of shoreline erosion and sedime 


| 


action with con: 
regime. i 
E en as an alternative future resource of energy. 
i rara (R.G.P.V,, Dec. 201; 
“Ans. Hydrogen as an energy carrier can play an important role as q 
alternative to-conventional fuels. 

The hydrogen can be used as a fuel directly, or it might be used asi 
raw material to produce methanol, ammonia, or hydrocarbons by using either 
CO, or N, from the atmosphere. It can also be used in fuel cells to produce: 
both electricity and useful heat. Hydrogen can be used as a fuel for a gx 
turbine or for a S.L engine. Hydrogen having the highest energy content pe 
unit of mass of any chemical fuel can be substituted for hydrocatbons.in! 
broad range of applications. Some possible areas of use forihydrogen il 
near future are — 


(i) Production of electrolytic hydrogen, for full-Joad exploitatio! 
of nuclear power plants. 


su Use of hydrogen in the processing of heavy oil. 
(in) Direct addition of hydrogen to the existing natural gas distribul®' 
network. l 


(iv) Use of hydro 


| .-_ tiauid® 
gaseous fuels. 4 for the manufacture of synthetic ld! 


v) Direct use of hydrogen asamotor vehicle fuel in urban transp®' 
(vi) Use of hydrogen as an irc Bi fat 


0.60. Write brief notes on the f 
; . the followin i 
(i) Fossil fuels Gi) Hy Prc 8 sources of energy 


2 
: % du RIGIPV, Dee.” 
Ans. (i) Fossil Fuels - Refer 0.13; © © | (R.G 


(4) Hydrogen — Refer Q.59, 


e 


oil 


Introduction to Energy Science 53 
Qg.61. Write short note on — Hydrogen production and stor age 


Ans. Hydrogen is chemically Very active and hence not found 
state on the earth. Itis present in water, fossil hydrocarbons, biological Materials 
such as cellulose, starch, etc., minerals such as biocarbonate rocks. 
must be supplied to these compounds to break the chemical bonds to release 
hydrogen. Thus, hydrogen is a secondary fuel that is produced by utilizing 
energy from a primary source. Much of this energy can be recovered by 
recombination of hydrogen with oxygen, which results in the liberation of 
energy, 


in its free 


Energy 


1 3 
Ho + 3 O5 + H30 + Energy 


The most convenient means for producing hydrogen is from water by 
electrolysis i.e., by passing a direct electric current through water containing 
an acid or alkali to make it an electric conductor. The chemical energy in H, 
can be converted into thermal, mechanical or electrical energy. Thermal 
energy can be obtained by burning the H, directly. Hydrogen can also be 
used as a fuel instead of gasoline, in automobiles, trucks or even in aircraft 
engines. 

.. Oneof the potential advantage of hydrogen as a secondary fuel is that it 
can be transmitted and distributed by a pipe line in much the same way as 
CNG. Hydrogen gas can also be converted into liquid form by cooling it to a 
Very low temperature and transported in insulated tanks. 


Heating value of hydrogen is 28000 kcal/kg, which is almost three times 


to that of hydrocarbon fuels. Further, it burns with little or no atmospheric 
pollution. 


0.62. List out the environment problems due to the use of various 
energy sources. 


A sie 
ei È Energy sources, whether renewable or non-renewable has some 
ro i É i . î , . 
probl nmental implications, however the extent can differ. Environments 
Cms + a - 
due to use of various energy sources are discussed below — 


(i) Non-renewable Sources — They mainly include fossil fuels and 
Nuclear energy, 


Coal has Sa Fuels — The most traditionally used den guai 
SR Coal is burnt o implications when ne ig ca 
‘°SPonsible for ca h "DIO uces carbon dioxide, which is a gre mi urti 
like Sulphur and using increased global warming. Coal also contall* Si [ke 
Oxides of sinti which on combustion generates supe. tra 
Oal Mining also A I OBeli. These gases are also responsiP” and resident 
serious implications on local environme? 


‘reline of global economy is a much c 
But as an automobile fuel it is a maje 

A : Ca 
in the close vicinity of common public. Further, oi] i 
Joration, transport and accidents is a major Cause of marine POlIuir 
during exp!o ’ st of fossil fuels is also responsible for generation 


as, clean 


nhouse gases like CO2 
gree (b) Nuclear Energy — Nuclear energy has tremendous POtentij 


an energy source, further itdoes not result in air pollution as with the foss] 
as ted as a result of its use are much mor 


fuels. However, nuclear wastes genera 
harmful and difficult to manage Anyleakage from a nuclear power plant » 


cause devastating nuclear pollution. 
(ii) Renewable Sources - Major renewable energy sources are soly 
wind, hydel, biomass, and geothermal. 
(a) Solar Energy — Solar energy, although is a non-pollutiy 
source majarily, uses cadmium and lead for making solar cells, which a 
carcinogen. 


o 


(b) Wind Energy — Wind energy has no adverse environmenti 
impacts except for the use of lead in storage batteries. 


| (c) Hydel Energy - Hydel energy from the dams, which look 
a completely pollution free source has various adverse environmentalimpack 
such as loss of forest and agricultural land, loss of fisheries, stagnation an 
waterlogging near reservoir, flash floods, micro-climatic change, and soci 
impacts like displacement of a large number of people. 


E: (d) Biomass Energy Biomass energy, which utilizes the we 
lass 18 also a source of air pollution and.greenhouse gases. 


0.63. What are the majo 


il 1 il 
technological development ? r environmental problems caused by 1? 


a ju 
been set up inside or near larg© ® 
brea 
rio 


a al 
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forests and drain ponds. All these acts leading to the degradation of 

? CI 

ironmental quality. 
Some major problems caused due to rapid technological growth are — 


(i) Ozone Depletion — Due to use of CFC chemicals in refrigerant. 
(ii) Global Warming — Increasing air pollution caused by 
motorization and industrialization. 


(iii) Acid Rain - Oxides of sulphur and nitrogen released in large 
ing of fossil fuels are causing acid rain. 


env 


amounts through burn 


=D STORAGE HYDRO POWER PROJECTS, 


DUCTOR - BASED ENERGY STORAGES, 


Led 


 HIGHEFFICIENCY BATTERIES) 


Q.64. Discuss the need of energy storage with various energy systems. 


Ans The demand of energy in an energy generating plants does not remain 
constant; it constantly fluctuates. Power plants are generally designed to take 
cate the maximum demand plus some excess to handle short term shutdowns 
due to maintenance or breakdown. As a result of this, most of the time, these 
plants operate below their capacity, causing high operating and capital costs. 
Using some means of energy storage, this disadvantage can be overcome. 
When the demand is lower than the production, energy is stored, and when 


. the demand is higher, stored energy is released. 


. Sometimes, electric utilities use less efficient (intermediate and peo 
units to meet peak demand. Using energy storage facilities, need of those less 
efficient units can be eliminated. 

n » intermittent energy sources like solar and wind energy also requires 
Sa see. Since solar energy is not available during nights dt 
na ds LO energy during daytime can be stored for later uses. de 
cal si wind energy. When solar energy is used to produce steam or 

ectrical power, energy storage is essential for continuous operato 
ome a when electricity is generated at a location that di 
lines to be da ad CHE (either on land or at sea) for conventional linate ans 
e. , €.g. in ocean thermal energy conversion (OTEC), san 

SY Storage and transporting is essential. 


0.65. Gi i 
Give a classification of various methods for energy re 


Ans. Vari 
+ Vario :fied i 
Categories _ Us methods of energy storage can be classified into 


rage. 
following 
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letrolet, al. But as an Cl It is . . I 
sy sro 2 00 ° di cito of common public. Furth da -40rg forests, and drain ponds. All these acts leading to the degradation « 
an that too. in 10 ri accidents is a major cause of marine A SDil environmental quality. 
during exploration, Spi salsa esionsible* Olutiy Some major problems caused due to rapid technological growth are — 
urine ia est of fossil fuels 1S p e Tor Seneraj; ) . . 
- Natural gas: © sere and CH; lon; (i) Ozone Depletion — Due to use of CFC chemicals in refrigeran: 
phouse gases like. al i (ii) Global Warming —- Imcreasing air pollution i 
- Nuclear energy has trem ei Saused bi 
(b) Nuclear Energy Nu 5Y endous POteni; | motorization and industrialization. 


further it does not result in air pollution as with the fox; 
ear wastes generated as a result of its use are much » 
0 


and difficult t0 manage. Any leakage from a nuclear power plant ma 


cause devastating nuclear pollution. 

- (îì) Renewable Sources — Majorrenewable energy sources are Sola 
wind, hydel, biomass, and geothermal. 

| @® Solar Energy — Solar energy, although is a nOn-pollutiy 
source majarily, uses cadmium and lead for making solar cells, which 
carcinogeno 0 
(b) Wind Energy — Wind energy has no adverse environment: 
impacts except for the use of lead in storage batteries. 


(c) Hydel Energy — Hydel energy from the dams, which look 
a completely pollution free source has various adverse environmental impacti 
such as loss of forest and agricultural land, loss of fisheries, stagnation a 
Waterlogging ‘ear reservoir, flash floods, micro-climatic change, and soci 
Impacts like displacement of a large number of people. 
(d) Biomass Energy — Biomass energy, which utilizes the was 


biomass i i Ì ] 
ass is also a source of air pollution and greenhouse gases. 


ia sincero i "sadel environmental problems caused by rel 
pollution are Ea” NI kind. The major causes of environm®! 
A large n sf Motorization, 
‘ The stack emi dsc have been set up inside or near large © she 
i ents poli  ustries, pollute the air that man bre?" 
of large cities also c; Pollute the streams, rivers and oceans. Industrializ!" $ 
leading to (belt Ver popo Scale migration of rural population 0 » ! 
creating slum conditions. soa This results in congestion ‘within th° Hi 
‘neo-rich people leave the Iiections and water and sewage problem” fl 
trees, drive away wild. “i!Y.and move to suburbs. In the process theY od 
als from their natural habitat or ill the!» ° 


ii 


(iii) Acid Rain — Oxides of sulphur and nitrogen released in lare 
amounts through burning of fossil fuels are causing acid rain. i 


| POSSIBILITIES FOR ENERGY STORAGE OR REGENERATION 

| (EX. PUMPED STORAGE HYDRO POWER PROJECTS, 

:. . SUPERCONDUCTOR-BASED ENERGY STORAGES, 
ato. .HIGH EFFICIENCY BATTERIES) 
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PORCINI 


0.64. Discuss the need of energy storage with various energy systems. 


Ans: The demand of energy in an energy generating plants does not remain 
constant, it constantly fluctuates. Power plants are generally designed to take 
care the maximum demand plus some excess to handle short term shutdowns 
due to maintenance or breakdown. As a result of this, most of the time, these 


‘plants operate below their capacity, causing high operating and capital costs. 


Using some means of energy storage, this disadvantage can be overcome. 
When the demand is lower than the production, energy is stored, and when 
the demand is higher, stored energy is released. 

Sometimes, electric utilities use less efficient (intermediate and peaking) 
units to meet peak demand. Using energy storage facilities, need of those less 
efficient units can be eliminated. 

Use of intermittent energy sources like solar and wind energy also requires 
energy storage. Since solar energy is not available during nights and rainy 
season, the excess energy during daytime can be stored for later uses. Similar 
is the case with wind energy. When solar energy is used to produce steam for 
generating electrical power, energy storage is essential for continuous operation. 

î In some cases, when electricity is generated at a location that is t00 
distant from a load centre (either on land or at sea) for conventional transmission 
lines to be used, e.g. in ocean thermal energy conversion (OTEC), some means 
of energy storage and transporting is essential. 


0.65. Give a classification of various methods for energy storage. 


Ans. Various methods ‘of energy storage can be classified into following 
Categories — | 


: e E ngineering (I-Sem.) 


s pical energy storag® 
sa d hydroelectric storage 


“©. (. Chemical energy storage 
© (a) Storage batteries 
< (b) Hydrogen. 
(c) Reversible chemical reactions. 
(Gi) Fleotromagnetic energy storage 
(i) Thermal energy storage 
(a) “Sensible heat 
- Laiche 
‘ (6) Chemical reactions. 
For large utility energy storage, systems like pumped hydro, compressi 
air and supercorductive magnets are used. For medium utility energy storag 


0.66. Describe a pumped storage hydro power system with neat sketà 


:. Ans. A pumped storage hydro power system is the most developed 
the most economical storage system available to electrical utilities. It.can 1 
be used for storing electrical energy produced from solar or wind energ 
PRImped storage is an indirect method for temporarily' storirig substanti 
a 15 ofelectrical energy by pumping water from a lowerito a higher lex 
upper reservoie Minoli (68. lake, river or underground cavern) i 

S the demand of power exceeds the supply, water fro 


de i 1 ‘ai 
vici dim DÈ Is dronni to flow back down through a hydraulic tub!" 
in fig. 1.14.07 Fe Cc generator, The arrangement for the system is sho" 


le for hi 
both of these reservoirs Da si high head Francis turbines are used ni 
river or lake. Le artificially excavated or may be 2 Di 
The efficiency of a pu a i i 


75%. Despite of this loss of RI system commonly ranges f19" |; 
_Compared to the use Of a gas turbine cit Use is much more econom!” 


îhe or dj a 
10° OT diesel engine to meet peak de 


; promi 
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Upper Reservoir 
(Storage) 


Motor/ 
Generator 


2LOwer Reservoir x 


Lake, River, etc. 


Fig. 1.14 Pumped Storage Hydro Power 


0.67. How energy can be stored using superconducting magnetic 
materials ? Give limitations of this method. 


Ans. Materials which suddenly loss essentially all resistance to the flow 
of electricity when cooled below a certain very low temperature are called 
superconductors. The temperature below which materials exhibit 
superconductivity is called the transition or critical temperature. 
Superconducting materials have transition temperatures in the cryogenic range 
(low temperatures of the order of — 273°C to — 150°C). When maintained 
below their transition temperature, a superconducting material can carry strong 
electric current with little or no loss. This principle of superconductivity can 
be used for storage of energy in the magnetic field associated with a coil. 

When a coil made of a material in a superconducting state, i.e. maintained 
at a temperature below its transition temperature, is charged, the current will 
not decay and the magnetic energy can be stored indefinitely. Electrical energy 
supplied as direct current to the coil is stored in the electromagnetic field. The 
stored energy can be released back to the network by discharging the coil. 
This is the basis of the superconducting magnetic energy storage (SMES) 
system, 

Some commercially available materials which can be used for storing 
energy are niobium-titanium (Nb-Ti) alloy below — 263°C and a compound of 


; Riobium and tin (Nb,Sn) below — 255°C. 


Tse of superconductor based storage system although appears to be a 
SINg ‘one, is not much in use because of the following limitations — 
€ To maintain very low superconductivity temperatures a cryogenic 


6 (refrigeration) Plant for producing the liquid helium is need to operate and 


maintain, 


regi 8 EVO w 


would amount to 160}, 
e cost, structure is USua] 


orage unit will only be economical in lap 
w are only in planning stages. 1 
{he main superconducting materials used in enen 
sified as Type I and Type] 
metals having relatively lo; 
y little importance. Whi 
lid solution allo 


can be clas 


mostly pure 
thus of ver 


potentially ductor materials usually retà 
their superconductivity 
materials are commerci 
atom percent of niobium 


ally available. One 
(Nb) with titanium 
263°C. The other i 


field, than Nb-Ti. The problem with 
material, thus difficult to fabricate in the form 
an csi filamenti of niobium, which is a duetile material, ! 
ind ppt Rai NbsSn. For that purpose rods of niobium are embedi' 
diffusion of Pmi deva Into wires, which when heated results 
In an alternative meta, Ha filaments to form thin surface layefS of Nb 
the tin diffuses through pi na of niobium are coated with tin and heat? 
outer layer of tin can be reti A the:niobium into Nb:5. iù 


0.69. What is the principle of 
i is the principle of a storage battery ? 


. Ans. When asstora 
ge battery i 
direct electric current, chemical is charged, by connecting it to 2 5° 
changes occur. in.the battery, and °°° 
» dn Ne IV. di 


of wires. This problem cal 


energy. ai: 
A storage batte 0 2) : 

17 15 *ggmbination of individual cell o clen 

Jal.ce s. A cellis the 1! 


combination of the materials a 
bi and electrolyte constituting the basic 


tdi 4 


È) 
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ical cell consists of two electrodes (anode and 
lectrolyte. When an electrical load is connected 
tion occurs at interface between one electrode 
both an electron and an ion. The free electrons 
ugh the electrolyte to recombine at 


storer. A tYP 
a suitable e 
des charge separa 
thus releasing 
al load and ion thro 


Tgy 


chemical ene | 
ersed in 


cathode) imm 
between electro 
andthe electrolyte. 
flow through the extern 
the other electrode. 

By combining 
liver 
a battery (i.e. 
the produet of the 
ty.of battery i 


priate number.of cells in both series and parallel, the 


the desired voltage and current. 

the rate at which stored energy is withdrawn) 
emf involts and the current in amperes. 
s expressed in ampere-hours, a product 
deliver and the time (in hours). 


appro 

battery Can de 
The power of 

in watts is equal t0 

While the storage capaci 

of the current (in amperes) the battery can 
0.70. Describe briefly with neat sketch the construction of a lead-acid 

battery. 


Ans. The constructional details of a lead-acid battery are shown in fig. 1.15. 


Filler Cap 
Positive Terminal 


Coil Connector 
Sealing 
Covers 


Ù 
V 


Container 


Negative 
Terminal VII0o 
Negative INS: PIPE DI GL 
4, AAA 
A me 7 
7 AA 
A 2227 
Positive Plate Z > = i 
N $ _ 24, late 

A 
$ 
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— 
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fiv: 
\ 
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Separators 
Sediment 
i Space 
gi Fig. 1.15 Battery Construction 
im 
ponents of a lead-acid battery are discussed below — 


(i) Contai 
aner — i 
monoblock moulding ss Container of a lead-acid battery is 2 single 
made for different cells i 3 or 6 compartments. Compartments are 
: ges are formed at the bottom of each compartment 


on which bat 
È tery plat 
To) » es rest. i ini s 
Positive and negative sui This minimizes the danger of short circuiting of 


pntainer must le to withstand th 

a atainer must be ab “; 
sat e. mechianical shocks and it must be "i "a 
be made of hard rubber (ebonite), ù, i 
hi 


1. Now-a-days, they are mad, 


‘so. Energy & 
The qnateri: 
+ of heat and sgaintici y may 
absorption of aciés- ni ateria 
plastic or of ai bitaminous Mi d light weight plasti 
plastic or “which is a strong, translucent and light weight plastic. 
polypropylene, 


(îi) Plates- Two 
scala ca and welded or lead burned 
to a strap to form plate group. The plates 
are in the form of perforated grids, (as 
shown în fig. 1.16), made of an alloy of 
lead and antimony, The positive plates are 
filled with red lead or lead peroxide 


(Pb,0,) active material and negative plates 
are filled with spongy Tead. Grids AC Horizontal Ribs 
Lea and Fig. 1.16 Battery Grid 


(ii) Separators — To avoid direct contact and thus short-circuiti 
of positive and negative plates, thin sheets of some non-conducting mateli 


are inserted between them. These sheets are called separators. These are me. 
porous rubber, fibre glass, resin-bonded cellubi. 


from treated wood, ebonite, i 
and sintered PVC. Polyvinyl chioride), which is perhaps the most wi 
used separator material. The material of the separators, apart from being 


sia must be sufficiently porous or perforated to allow diffusion! 
e aci potuti x 


Cell Covers. Cel covers provide a ceiling for the cells. de 
. Each cell cover contains holes.for the posi! 
»a and a filler opening. The vents allow the e? 
É #90 arging to escape and are ; ided i the plus 
i » provided in 

cover filler Openings which are also used to check specific gravity of elec trol) 


Cell covers are sealed iù ) ss 
form a leak proof joint. the container by Tunning pitch around the edg 


ements D] 


by means of cell connector. Th 
the terminals. Connectors: myst i 
high current required for Starting v 


8S of the connectors are well wrelde” 
cavy enough so that they may °° 
Ithout Overheating. 


e e TT 
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(vi) Electrolyte — The active materials of positive and negative 
plates become active when they are covered with an aqueous solution of 
sulphuric acid called electrolyte. The electrolyte of a fully charged battery 
contains 31% sulphuric acid by weight or about 21% by volume in distilled 


water. 
Sulphuric acid of electrolyte supplies sulphuric ions which combines with 


each of the plate materials and releases electrical energy. The sulphuric acid 
also act as a carrier for the electric current inside the battery, between positive 


and negative plates through separator. 
0.71. Discuss various advantages and limitations of storage batteries. 


Ans. The most important advantage of batteries as a storage device 
are that, they are modular in nature, i.e. they are built up of individual 
units of moderate size. As a result of this the energy storage capacity 
can be varied over a wide range simply by varying the number of units 
‘that arè connected together. Consequently, batteries are adaptable to any 
type of storage in which the input energy is in electric from. Some of the 
potential applications of batteries are utility peak load sharing, vehicle 
propulsion and storage of electrical energy generated from solar cells or 
wind. 

Batteries have the capability of rapid operation reversal, from charge to 
discharge. This feature makes batteries more convenient for electric utility 
applications. Further, batteries allow dispersed distribution by locating storage 
facilities near load centres. 

The most common type of storage batteries currently are used for various 
type of applications are lead-acid batteries. These batteries have a basic 
limitation, viz. their heavy mass per unit of stored energy, that cannot be 
overcome. This limits their use especially for vehicle propulsion. 

The batteries used for utility applications or vehicle propulsion, are subjected 
to a deep (almost full) discharge and then recharged, roughly once a day. 
When lead-acid batteries subjected to such repeated cycling they have a 
relatively short life. 
Re. Roe used for stationary (utility) applications should be less wi 

Bi e time. For such applications mass is less important. ni 
over a life tim - should be able to withstand at least 3000 deep ue ar, - i 
of 10-15 years. The discharge time for peak power supp y 
s and the charge time not more than 10 hours. No existing 


would be 8-10 hour 
i Storage battery can meet these requirements. 


gogineoring (I1-Som.) 
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ECOSYSTEMS 


abeti 


‘CONCEPT OF AN ECOSYSTEM;, STRUCTURE AND FUNCTION 
|“ OF AN ECOSYSTEM, PRODUCERS, CONSUMERS AND 
(°° DECOMPOSERS 


OQ.1. Define ecosystem. 
Or 


Write a short note on — Ecosystem. (R.G.P.V., Feb. 2010) 

Ans. The term ecosystem refers to a biotic community and its abiotic 
environment together. 

Ina given area, the biotic assemblage of all the organisms, plants as well 
as animals interacts with its physical environment in such a manner that there 
is a flow of energy leading to clearly defined torphic structure, biotic diversity, 
and material cycles within a system, known as an ecological system or 
ecosystem. The earth’s living organisms interacting with their physical 
environment may be considered as a giant, vast ecosystem, designated as 
biosphere, the largest and most nearly self sufficient ecosystem, we know. 


0.2. Define ecosystem. Give an account of the structure and function 
of an ecosystem. (R.G.P.V., June 2016) 
7 i Or 
la cp efine ecosystem. Explain the importance and functions of producers, 
“2 ki mers and decomposers in an ecosystem. 
e _" (R.G.P.V., June 2009, Dec. 2013) 
| Discuss the co = i. j 

BS iftoreni ncept of ecosystem and explain the relationship among 
i parts using a schematic diagram. (R.G.P.V, Dec. 2017) 

n E Ans. For definition of ecosystem, refer Q.1 
Structure and Fu n 
are. the two major-as 
SARI ecosystem showing it 


netion of an Ecosystem — The structure and function 
pects of an ecosystem. A generalised model of an 
$ Structure and function is shown in fig. 2.1. 


Me 
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\ (a) The inorganic components such as water, carbon dioxide 


nitrogen, calcium, sulphur, phosphorus, etc. 
b) The organic compounds such as proteins, carbohydrates 


( 
lipids and amino acids. 

(c) The c 
wind, soil, etc. 

(ii) Biotic Components — The living organisms of an ecosystem 
are known as its ‘biotic components, which include plants, animals and micro- 
organisms. Biotic components can be divided into three types — 

(a) Producers — These are the autotropic members of the 
capable of synthesizing food from non-living simple 
On land producers are usually large rooted green plants. 
tless algae floating or submerged in water. Besides 
aîn producers, there are some minor producers 


Herbivores 


limatic factors such. as light, temperature, humidity 


53) 
Fats, Protein 


EV 


Carnivores 


ecosystem which are 
inorganic substances: 
In deep water they are 100 
green plants which are the m 


‘are also, they include — 
(1) Photosynthetic bacteria (2) Chemosynthetic bacteria. 


c bacteria and chlorophyll of green plants absorb solar 


The photosyntheti 
I I ciel Bali energy to synthesise organic food, i.e., carbohydrate by photosynthesis process. 
Ma ie ov (Soil, Water, Atmosphere) (b) Consumers — These are heterotrophic members of the 
Fig. 2.1 scosystem which eat up other living organisms. They include animals which 
lepend on other organisms or particulate organic matter (food) produced by 


the ecosystem depend upon 
mer in a terrestrial 
mary Consumers 


E. . 
The structure 
of an ecosystem refer to the — aroducers. Herbivores or primary Consumers in 
‘he green plants for their food. A deer is a primary consu 


inse di Corosiioa of biological community including species, numbti 
s and their distributi > = 
ni i tabOBOR, | xcosystem which has grasses, herbs, trees as producers. Pri 
Posi: Quantity and distribution of the non-living Materials, like putrieconstitutes food for the secondary consumers Or primary carnivores such as 
agili pi ete. | Jogs, cats, fox, wolves, etc. The omnivores (both plant and flesh eaters) also 
sunlight i) Range or gradient of conditions of existence like temperati zio in this class. Tertiary consumers such as lion are those carnivores which 
) etc. i È a ced upon the carnivores of second class and also on the omnivores. 
While, the function of an ecosystem refer to the Li La: pi vs uatemary consumers asp. 
(i). Rate of biologi » aa = Thus, in an ecosyst ; 
gical energy flow;i.e. the pr i jratli ystem plants synthesis fo 
ì ai oduction and resp” he plants ; 
rates of the “gump. ’ P P for their metabolic processes, while rest is used by the con 
ii ; i . i . i 
(11) R te of materials or nutrient cycles. ind fungi si i Dna sagra eine 2, 
d iena egulation of organisms by environment (photo eriodism. lecompose du attack the dead bodies of producers and consumer$ and 
and F esu ation of environment by organisms (nitrogen D : Di anisms) rhese iforoa sha into simpler compounds and also release inorganic nutrients. 
Various components of an ecosvst See, ‘ded ilttilized'b fio substances, together with other organic substances art then 
following two types — ystem structure can be div! ti y te producers for the synthesis of their own food. 
- i on 
(i) Abiotic components _ (ii) Bioti gens death of producers and macroconsumers, the decomposerS PT 
; ua (ii) Biotic components. Aprotrophs consume their dead bodies, i.e., break d ‘or decompose the 
(i) Abiotic Components — Th i I w/omplex compounds of th dies, i.e. break down or decompos® | 
three parts — ey can be divided into the fol” Todusiar of the dead protoplasm. Some of the decomposition 
e absorbed for their growth whil inerals and 
e the other (such as minera S 


Similarly, 


od, a part of which is used by 
sumEers. 
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gintbe environment from where they are recva Ecosystems 67 
are mini fo the autotrophs for synthesising food. “i; (i) Abiotic Factors — The main abiotic factors are — 
again made avi di (he ecosystem can be explained as below _ (a) Climatic Factors — These include temperature, light, wind 
fupctioning sen plants) fix radiant energy Of sun with the hg velocity, atmospheric gases, atmospheric humidity, rainfall, etc. 
€ 


(b): Medium Factors — These include soil, water, air and bodies 
s in case of parasites. 


ucers (£f \ 
The prod NP, Ca, Fe, etc.) taken from soil and aerial enviry, i 
Physical Factors — These include fire, pressure, 


bi H, 0, j i 1 i 
minerals (C. iuild up complex organic matters like carbohydrate; . of other organism 


Using this hey PE etc ! 
»ejnS, nucleic acids, etc. ; ‘cal . (c) 

The interaction between the physico chemio n and they; geomagnetism, ele. 
communities constitute the two ecologica! processes of energy flow and mi (a) Chemical Factors = These include acidity, alkalinity and 
unidirectiona!ly from sua. 9.116 compo] the availability of inorganie nutrients needed by plants. 


A WS 
cycling. Energy flo . 
mers (herbivores and carn 1 i | l 
d consu ( IVOLes), (ii) Biotic Factors — These consist of flora and fauna, including man 


producers (green plants) an si GA . 
ve in a cyclic manner, the cycling is accomplished by dif as the important factor. 


minerals mo 4 SEA SE 

= «biogeochemical cycles superimposed upon the unidirectional energy| | 
* RESI tn bioti components of the ecosystem. , 0.5. Give objective of ecological study. (R.G.P.V., June 2014) 
Ans. Allthe ecological factors are interrelated. Variations in one may affect 


In an ecosystem, both structure and function are so inter-related,; 
the other; For instance, an increase in temperature would certainly bring out a 


(o. (ll bo 
” needto be studied together. | 
decrease in humidity values. Increased light intensity, in addition to affecting 
0,3. Define the term ecology. : the rate of photosynthesis, would affect the atmospheric humidity. The real 
and continuing impact of 


‘life of the organism thus involves the simultaneous 
ogical factors. Since various ecological factors affect the life 
n a holistic manner, it becomes difficult to understand this 
comes essential to study the 


Ans. The term ecology was coinéd by combining two Greek w 
cikos (meaning ‘house’ or ‘dwelling place’) and logos (meaning ‘the sall existing ecol 


of ).Thus ecology may be defined as the branch of biological science.conci of an organism i 
with the relationships and interactions between living organisms andimechanism of environmental influence, it thus be 
sumoundings or environment. effect of each ecological factor. 


ca oa can a DIRE Usa |, n 0.6. Define ideal ecosystem and explain its characteristics. 4 
(ii) The scientific n i dl! a el (R.G.P.V, June 2005) 
their physical environment ù cn Bice Ad La sigle gen Ans. An ecosystem îs a natural unit of living or biotic community and 
(ti) The scientific study of " n P eY sE environment interacting and exchanging materials between 
organisms. y of the distribution and abun L 0 An ecosystem which is self sufficient and does not depend upon 
(iv) The study of animals ‘ 1 i sli RR ico. for its requirements of energy and materials can be defined 
and to their environment. and plants in their relation t0 °° ca 2a) dia le pe An ideal ecosystem represents highest level of ecological 
(v) Astudyofeco i peso i Le ich is energy based and capable of energy transformation, 
‘@cosystems or the totality of the reciprocal intere auon and circulation. Its important characteristics are as follows — 
(î) It should have all the characteristics to sustain life. 


between livi i ; 
; Mata and their physical surrounding. 
0.4. Enlist various ecological factor (ii) There should be a continuous flow of materials and energy within 
Ans. Each and every thing outsid DI s. i ; the ecosystem. : Ì 
> sw 9 po utside the or : x o ences CAO . 

or indirectly the life activities of the ia a ment ig li Re Tic ina be fepreaiaie Po pie regi 

part of the environmentis cal] Siolizio ANRGE RR factors ) olic groups, viz. primary producers, Consumers and decomposers. 
divided into following two types — r. Ecologica sli (iv) There should be as much diversity of species 25 possible, t0 
(i) Abiotic or non-iving factor of RARE survival of ecosystem because diversity provides a redundancy 

TE aero a MI IA DR i on and thus increases the system reliability. 


(ii) Biotic or living factor. 


_() Ecosy ne | TREES: 


16 > d not be static systems they should be dyr 


themselves under patural conditions are known as natural ecosystems 7 
can be of following two tyPeS — NR | 

{a) Terrestrial Ecosystems — They include desert, fr 
cropland and grassland ecosystems. 


° {b) Aquatic Ecosystems — They include fresh water ecosy 
and marine ecosystem. Fresh water ecosystem may be sub-divided intol 
pr Water ecosystems such as rivers, streams, spring, etc. andk 
‘or standinè water ecosystems such as pond, lake, ditch, swamp, etc. 
Sa cc. riificial Ecosystems — These are man engineered ecosyst 
which ate maintained artificially by man. In these ecosystems man maili 
the, natural balance between biotic and abiotic environments by plat 


manipulations. Examples of man-made artificial ecosystems are 
(a) Cropland ecosystems such as a field of‘imaize; wheat, ri 


(b) Micro ecosystems such as those made in laborator] 
research and study. È 


0.8. “Ecosystems are not static, they are dynamic systems in time! 
space.” Justify the statement. (R.G:P.V.,, June 2004, LI 


Ans. In an ecosystem there may be a number of life forms. The N° 
abundance of these species not remain constant even.if function!" 
ecosystem remains constant. Ecological communities, exhibit te! 
ian Ac changes at time intervals that range from soi 
iglanisnn Organisms which have short generation tim° “ 

tal changes rapidly. For example, a sudden infloW of n 
may trigger a boom of micro organisms within hours. This chan” 


ecosystem as a whole. Thus, ds 
Lo Sgt, IS, ecosystems i ey are 
systems in time and space. o are not static, they 


lì 


SI 
he 


mes. Il 
© Ra, (R.G.P.V, PD" , 

Ans. A biome 15 a group of ecosystems having similar typ® ® # 
vegetation. Large natural ecosystems spread over distinct terrestri gl are” 


0.9. What is biome.? Enlist various types of bio 


as 
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\ natural grouping of climate, plants and associated animals make biomes. Thus, 


a biome is the largest terrestrial biotic community. The tative.nnd cato 
these biomes depend upon the abiotic factors like temperature, sunlight, soil 
barriers, latitude, altitude and availability of water. 
The major biomes of the world are — 

(ij Tundra 

(ii) . Taiga (or northern conifer forest) 

(iii) Temperate deciduous forest 

(iv) ‘Tropical rain forest 

(v)  Chapparal 

(vi) Tropical savannah 

(vii) Grassland 

(viii) Desert. 


M; ECOLOGICAL SUCCESSION, 


:BS AND ECOLOGICAL PYRAMIDS 


Q.10. Explain in brief about energy flow in the ecosystem. 


Ans. In all types of ecosystems, the sun is the primary source of energy. 
Solar radiations reaching on earth are utilized by green plants (or producers) 
to convert it into chemical energy. The energy in this form is transferred to 


(/ 


Carnivores 


, Plants Herbivores Omnivores 
Soil Raw Excretion and 
Material Decay Products 


Fig. 2.2 Energy Flow in an Ecosystem 
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si -.ivores, The energy flow diagram of an ecosystem; si 
DerDÎvOt o ap eacirfevel some amouni of energy lost due t0 decompositi industrial and agricultural uses- There exists a continuous circulation of 
infig.2: «PE esmeamonnt of energy remains unutilized. Thus, there © between the earth and the atmosphere, which is referred as wat water 
‘fespiration, while so ne h trophic level. F U } i ater cycle or 
respira! » ve; de0ien8 in'energy level at eac p . Further, the A hydrological cycle. 
a prog! prg dal. egithe energy captured by. the autotrophs (green Various stages of water cycle as shown in fig. 2.3 are explained below 
flow 1s pec packto solar input; the energy which passes to the hetbiy, |. (i) Evaporation and Condensation — Water get evaporated fr 
pra not piss back 10 the autotrophs. In other words, ©NErgY that mp, the surface of ocean, river, lakes and streams due to sunlight. This nda in 
doge DE ively thro ughi the various trophic levels, is no longer available ii the vapour form get condensed around nuclei (such as spore, pollens, organic 
SIVEaY MIU. ga d substance, fine particles and dust. or smoke particles), suspended in air This 
" "Aswe tan see energy flow is greatly reduced al each successive troy ine pie fi he atmosphere as clouds. Finally they get 
Jevel froiti producers t0 herbivores and then to carnivores. Thus, shorty PIOSIPIAIET A reaciio g@Frainigrater. 
“Soi fini greater would be the available food energy, and with an increay (ii) Run-off, Stream Elow and Infiltration — Rain water which 
sr ‘the length of food chain, there will be a corresponding more loss of ener comes on soil, partly get re-evaporated, partly sinks into the soil by infiltration, 
E aa ® and remainder get discharged into streams as surface run-off. 


Case 
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but'an împortari it distinction between the two processes in their relationi 
with the abiotic component. While enetgy flow is wasteful and can take pl 
only in one direction, nutrient cycle is conservative, with chemical elemti 
being drawn frorà finite pools and being largely retained within ecosysteri 

> About 40 chemical elements, considered essential for lifeare in cons 
circulation fronî the environment to the living organisms and back tol 
environment. The mineral elements taken up from the environment byi 0 NES 


Di 
4, 

hod ‘1 
. 
* 


r 


iti 


oration 


f 


Runoff 


Evaporation 


va 


green plants — the producers, are again returned to.the environment. Int Ground Water 
taking and retuming processes of minerals, there are involved @ numbe' 
organisms as well as some physico-chemical phenomena, that make tg Fig. 2.3 Water Cycle 

an baia Spese cycle. Thus the movement of minerals is accompli? (iii) Transpiration — Plants absorb the ground water by capillary 
by the operation of different chemical cycles that keep on passing the mate" action to fulfill their requirements and gives off excess water through leaves 
back and forth between organismsand their environment. T pere! by the process of transpiration. 


macronutrients such as C, H and O which have cycles with an atmosp® 


Lake 


; (iv) Ground Water — Hydrological cycle gets completed when water 

vu era NO the earth’s surface by springs, transpiration and surface seepag®, 

22) Sio This ground water filtered by the soil can be used for domestic purposes. 
In this Way cycle repeats itself perpetually. 


CAGE What is ecosystem ? Describe water cycle in nature. 
(R.G.P.V.,, Dec. 2016) 


ù FRE -}l Ans. Ref 
which constitutes OUT universe. Water is the most essential commodi!. È efer Q.1 and Q.12. 

ion and wi ‘ ; 7 jre 14. Writ e 2013) 
human consumpti di Without it no life can exist. Water is reali p i e short note on — Carbon cycle. (R.G.P.V., Jun 


i circulation, movemi agpivegpie - i pe Db” 
metabolism, ement and cycling of the nutrients 1 te n 


Ans. » 3 : s 
. . i s. Carbon is an essential constituent of carbohydrates, pro!©!l°> fat 
living organisms. Besides this water is-also rèquired for v arious 
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Energy È ; unds. Carbon cycle is sali 
72 ne other organie compo nom, sh the rainy water to form nitric oxide in the presence of oxygen of atmosphere, 
anda large DU eni he pitric acid comes to the earth in the form of acid rain and combines with 
DA. bos nofc i i ifmatao 
fig. 24. un Oxsanie Card" basic substances (such as NH3 and Ca0O) present in soil to form nitrates. 
Cagcosn il precipitation = C2C03 3 Sediments, Soil, Fossip,, N; +0, > 2N0;2 NO +0, > 2N0, 
| 3 and Sedimentary Roy 4NO, +2 H,0+0, > 4 HNO; 
% Lo SOIUÙ Volcanic Il 
HCO; (81 Eruption ia HNO; + NH3 > NH4NO; 
i ng 
‘ Sotation in Water Ca0 +2 HNO3 > Ca(NO;), + H,0 
ue 0.17. Explain the nitrogen cycle. (R.G.P.V.,, June 2015) 
pe Or 
Draw and explain nitrogen cycle in nature. (R.G.P.V., Dec. 2011) 
H Or 
IPhotosyathesis Respiration Forest and 


Grassland Fire Write explanatory note on — Nitrogen cycle. (R.G.P.V., Dec. 2016) 

Ans. Nitrogen îs one of the major constituents of all animals and plants. 
Nitrogen available in atmosphere is absorbed by plants in the form of nitrates. 
These nitrates first convert into NH, which in turn produce proteins and 
nucleic acids: Although, 78% of our atmosphere is nitrogen, but neither plants 
nor animals can absorb this atmospheric N. Nitrogen available in the 


Fig. 2.4 Carbon Cycle 


Carbon dioxide (CO) present in the atmosphere and that dissolvel! 
water is the primary source of element carbon. Plants uses. this CO, in! 
process of photosynthesis to make carbohydrates, the synthesized food. Ù 
energy locked up in these carbohydrates is utilized by.all living things, an!" 

_ and humans, directly or indirectly. The oxygen evolved in the proces! 
phtosynthesis is also utilized by animals and humans for respiration. Dul 
respiration organic compounds are oxidised to CO, and water. 


Bacteria 


Nitrogen (N,) 


in the 
Atmosphere 


i Most of the CO, is retumed.to the atmosphere and water goes dow! . 
e soil for the use of plants. Bacteria and fungi also return CO, t0 atrosp 
ac 


and water to soil by chemicallv actî srpeli 
their wastes such as vrine sn) fi ting upon the dead plants and an! 


caces. 


By Absorption 


0.15. What are bi È ; 
neat sketch. togeochemical cycles ? Describe carbon cyele wll 


.G.P.V., Dee 
Ans. Refer Q.1l'and Q,14. Rd 


le. 
o! 
ni 
of atmosphere combine t0 O, 
NO»: The NO, thus formed °° 


0.16. Explain non-biological nitrogen fixation in nitrogen ©)“ 
i (PV, June 

Ans. In rainy seasons, N; and 0 per 
oxide (NO), which finally oxidised » 


Ammonia and 
Ammonium Salts 
(In Soil) 


———______& 
-_-—_riii“1n 
_——— ———11_x 
_—————1=nn"l 


(CO,+H 
Respiration 
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. 74 “Energy & EM —‘cvertedinto nitrates (the most efficient plan fo 
ec: Pe ipnera nitrogen into nitrates is called nj È 
This process of con po can be done în following Lai ways a 
jopical nitrogen fixation (11) Biological nitrogen fixat 


ì -bio i 
o a siii Nitrogen Fixation — Refer Q.16. 
1 a À 


SPO" stag Fixation — Some plants have a SPecia] 
(ii) csc ele symbiotic bacteria in the nodules of ul 
i de can directly convert the atmospheric nitrogen into is 
roots, These Wei i, easily assimilate. | 
compounds which plants can i ed into NH; in plant cel] ict | 
‘The nitrates absorbed by plants are converted in ta fee, Which | 
i ieacts wiih'organic acids to synthesize proteins. These proteins are When | 
La animals get hydrolysed to simpler SESGIG, compounds called @ttino | 
acids, Atnino acids are used to make protoplasm, while excess amino acids ar | 
converted into-ammonia, urea and uric acid. This process 1s known 4; | 
nification. The ammonium compounds are then excreted in the urine by. 
‘animals. Feaces, urine, dead plants and animals fall to the soil, get decomposel | 
by bacteria and fungi by the process of putrefaction, and get converted in 

ammonia and nitrogen compounds, which finally reach the soil. 

Ammonia and its salts present in the soil are oxidised to nitrites | 
(NO) by nitrosifying bacteria, present in the soil. These nitrites are further 
oxidised to nitrates by nitrifying bacteria, also present in soil. Nitrites are N 
poison for plants, while nitrates are most efficient plant food. Thus nitrogen 


taken up by plants from soil ìs agaîn returned back to soil. Some of nitrogen | 
compounds present in soil 


» bacteria present in soil. 
atmosphere, - 


In this way, a cycle of never endi 
| going orrin nature;- 


d, 
tro Len | 


ion 


of nitrogen fixing 


to | 


Thus a part of the nitrogen is again being returned to! 


ng changes known as.nitrogen cycle is 


0.18. Draw a neat sketch 
Ans. Refer Q.17. 
-Q.19. What are biogeochemic i 
È mer atteai die emical cycles ?. Describe the nitrogen 0Y° 
with the help.0f a neat sketch. (R.G. P V. To 2009 201)) 
i ® . . ” ? 


of the nitrogen cyele:(R.G:P.V, June 2016) 


near diari iogechemical cycles ? Describe the nitrogen cycle with"! 
dà (R.G.P.V., Dec. 20! 


Ars. Refer Q. 1] and.Q.19, Si 


0.20. Draw and explain pr e 


na 


) 
to ca * è. È ci 
adequate supply is vital for sust lot all living organisms. Hen°° | 


get further decomposed into nitro gen by denitrifying | 


Ecosystems 75 
by most plants and animals and all human beings for aerobic respiration or 
enzymatic oxidation of organic food which sustains growth and 
metabolism. Oxygen is released by plants during photosynt 
up the oxygen cycle. Photosynthesis and respiration both 


involving release and utilization of oxygen. 


, general 
hesis thereby settin ge 
are cyelic proces 
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ce in hpdrological cycle and oxygen cycle. 


ases (CO) Îr0M por water vapour 


"mental Engineorino pra) 
avironmeni combustion of fossil fuels, by leducjr 
also cons i gation of minerals. Oxygen is also SUPPlix 
anoes, and OX". ich most of the hydrogen releag, 


Yen Ì 
des 
25. I 
1S then 


bi è LA Part of 
jeh energy ultraviolet radiation in che 


a scsically in 
piologically 1: 
ang py of anissoS wh 


freed:0xygen 


(R.G.P.V., Dec. 2013) 
Ans: Refer Q.12 and Q20. i 
| "goa e of the natural cycles with neat diagramy 
0.22 Enpa he importane (R.G.P.V., Dec. 2010) 
a The biosphere is very large and complex and hence divided into 
smaller units called ecosystems. Within an ecosystem there are dynamic inter- 
relationships between the living forms and their physical environment. Thes 
relationships are manifested as natural cyeles which provide a continuow 
circulation of the essential constituents necessary for life. The natural nuttieri 
cycles operate în a balanced manner which stabilises the entire biosphere ani 
sustains the life processes on earth. 
All these cycles are composed of a reservoir pool and a cycling pod 
with the reservoir containing the majority of the elements. 
For various important natural cycles, refer Q.12, Q.14, Q.17 and QI 
0.23. What is ecological succession ? 


Ans. Typically, a community tries to maintain its equilibrium with ie 
prevailing conditions 


thè 


° N. Jacé 
by another community “a > Which is thus sooner or later SP 


4 al. 
4 cal the sa s ues ©. 
successive communities develi. Me place. This process contin I 


the terminal final commit lop one after another over the same i o 
3 Li sie tomes Inore or less stable for 2 pî ove! 
Felafiv ly definite sequence of communities cid 


: 4 i i 4 5 si . co 0g 
Succession is characterized by fallgwin as ecological succession. È 


are 


& three parameters — 


, “= 
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(î) Itis an orderly process of community development that involves 
in species structure and community processes with time. This process 
i biv directional and therefore, predictable. 
is ‘ANN Even though the pattern, rate of change and maximum limits of 
logical succession are determined by the environment, succession is 
ef, d by the community. This is so because succession results from 
E: carion of the environment by the community. | | 
iii) It culminates in a stabilised ecosystem in which maximum 
biomass and symbiotic function between organisms are maintained per unit of 
‘available energy flow?. 


0.24. Discuss basic types of ecological succession. 


Ans. On the basis of type of substrata available, the ecological succession 
may be of following types — 


(i) Primary Succession — The succession which starts from the 
primitive substratum, where there was not any sort of living matter préviously, 
is known as primary succession. The first group of community establishing 
there are known as the pioneers, primary community or primary colonisers. 


(ii) Secondary Succession - Secondary succession starts from 
previously built up substrata with already existing living matter. In this a case 
at a certain place an existing community disappear due to some external force, 
such as a sudden change in climatic factors, biotic intervention, fire, etc. 
These area becomes devoid of living matter but its substratum is built up. 
Such successions are comparatively more rapid. 


On the basis of causes of succession, the ecological succession may be 
of following types — 


i (i) Autogenic Succession-In autogenic succession, the community 
Itself, as a result of its reactions with the environment, modifies its own 


environment and thus causes its own replacement by new communities. This 
IS a more common type of succession. 


(ii) Allogenic Succession — In allogenic succession, the existing 
Cc i ect . 
ommunity is replaced by some external factors and not by existing organisms. 


A 1a the basis of successive changes in nutrional and energy contents, 
cological successions can be classified as — 


i) Autotrophic Succession — This type of succession is 
characteri 


It starts sed by early and continued dominance of autotrophs (green plants). 
ae In a predominantly inorganic environment and the energy flow is 
alntained Indefinitely. Th 


e organic matter content increases gradually. 


. (li) Heter i ; : ai 
characteri otrophic Succession — This type of succession is 


sed by early dominance of heterotrophs, like bacteria, actinomycetes, 


-ringering (Il-Sem.) 
ul gaste | ; anic environ i 
- ser v predominantiy Org ment, a 
on Meta 
e a perse 
see iS PÒ n - Food chains. (R.G.P.V., Fey x 
- fa der ° <%] 
qs. We "#7 coi coergy from the produeers, through a pp, 
ma De® i and being eaten, 1$ known as a food cha È 
segisne iù FP a epica! i ecosystem is shown In fig. 2.7. Mi 
Ph —_ & fg 30) La 
Primary 
Consumers 


Tertiary 
Consum ers 


compr parer rane TM 


i (Herbivores) 7 


Excretory Wastes 
Bacteria 


Remains 
Fig. 2.7 Food Chain 


after Death 

Plinns esime radiant solar energy to produce organic food matter alta 
comes 20 fire topic level of any food chain. The energy, as stored in fw 
auatter amamesicrosed by green plants, is then utilised by the plant eaters ik 
fiertireres. which constitute the second trophic level. Herbivores in tum 
cate by fe casmivores, which constitute the third trophic level. These int 
25 be eziza by other camivores at tertiary or higher consumers levd 
Ormnfvorzs eating the producers as well as the camnivores may occupy N!" 
ugo trophic levels in the food chain. 

‘04 cia în grassland ecosystem starts with grasses and herbs 1) 
ci. Esasshoppers, the frog, the snake, ci hawk in an orde 
voali start wifi on the food habits, whereas in a pond the © 

» going through water fleas, smaller fish, DIE 
on. 


Quarternary 
Consumers 


fish, birds, larger animal and so 
26, Ni d explain vari 
0.26. Name andexplain various types of food chains. 
Differenti cen 
ifferentiate between the grazing and detritus food chains. 
(R.G.P.V; Jun 


Ans. There are two general. 
. ty n i 
(i) Grazing food chain. 5: food chains 
(ii) Detritus food chain. 
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(i) Grazing Food Chain — Grazing food chain starts from the living 

fs, goes 10 grazing herbivores and onto carnivores. Ecosystems 
reen Mel ne of food chain are directly dependent on an influx of solar 
emme type of chain thus depends on autotrophic energy capture and 
ra i 


the movement of this captured energy to herbivores. Most of the ecosystems 
e 3 . 
in nature follow this type of food chain. 
(ii) Detritus Food Chain — This chain goes from dead organic matter 
and then tovorganisms feeding on detritus and their 
redators. Such ecosystems are thus:less dependent on direct solar energy. 
CE, depend mainly on the influx of organic matter produced in another 
system. For example, such type of food chain operates in the decomposing 


accumulated litter in a temperate forest. 


0.27. What is food chain 


into microorganismSs 


? Describe various types of food chain. 
(R.G.P.V., Dec. 2011) 


Ans.-Refer Q.25 and Q.26. 
0.28. Write short note on — Trophic level. (R.G.P.V., June 2013) 


Ans: An organism’s feeding status in an ecosystem can be expressed as 
its trophic level. All organisms which obtain food from plants in same number 
of steps are said to belong to the same trophic level. Trophic classification is 
based upon the function, not upon the type of species. Thus a given species 
“may occupy one or more trophic levels according to the source of energy 
actually assimilated. For example, man which is an omnivores can occupy 
different trophic levels depending upon the number of steps required to obtain 
‘energy from plants, as shown below — 

Wheat — Man (Second trophic level) 
Plant — Goat — Man (Third trophic level) 

Some common trophic levels are — 

Green plants (Producers) — First trophic level 

Herbivores (Primary consumers) — Second trophic level 

Carnivores (Secondary consumers) — Third trophic level 

Secondary carnivores (Tertiary consumers) — Fourth trophic level. 


0.29. Write short note on — Food web. 


un Ri; n ana ecosystem depending upon the variety of organisms 
are interlinked “i er of linear food chains operating at a time. These chains 
number of food > each other at several points. This interlocking pattern of a 
Generally the line ains forms a web like arrangement known as food web. 
indeed in ian angement of food chains, hardly occurs and these remain 
different trophi cted with each other through different types of organisms at 
i Phic levels. For example, in grazing food chain of grassland 45 


nei se in the absene of rabbit Brass ay 250 De eaten by 
shown IN Ig: 4%» ‘rectly by NawK OF y snake fi ii 
The Pons im tam may be caten diree i * TSE Which ì 
‘then caten by hawk. 


Monse 
‘ E Snake 


Fig. 2.8 Food Web 


Ina food web in grassland, there may be seen as many as five linear food; 


chains, which in sequences are — 
“(© Grass + Grasshopper —> Hawk 
(tì) Grass + Grasshopper + Lizard —> Hawk 
“(iiî) Grass > Rabbit > Hawk 
(iv) Grass > Mouse > Hawk 
(v) Grass + Mouse + Snake > Hawk 


Besides th i SÌ 
ose shown in fig. 2.8, there may also be present some othe 


consumers as vultures i 
may be > fox and man in grasslands, and if so, the food web 


in maintaining the stability of an ecos 


ote on — Ecologi, ; 
Ans. The interaction of food chain cenni yramids, 
vAali si 


ecosystem has a definite trophic structure ze metabolism relationship i" dI 
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hic structure and function at successive trophic levels. je 

ores > carnivores, may be shown graphically by means 
ids or food pyramids where the first or producer level 
the pyramid and the succesive levels, the tiers making 


The tropie * 
ucers > herbiv: 
of ecological pyram 
constitutes the base of 


the apex- 

Ecologic 
6) Pyramid of numbers 

Gi) Pyramid of biomass 

Giù) Pyramid of energy. 

(i) Pyramid of Numbers = It shows the number of individual 
nisms at eachilevel. In a grassland, the producers, which are mainly 
ways maximum in number. This number then shows a decrease 
towards apeX, as the primary Consumers like rabbits, mice, etc. are lesser in 
number.than the grasses; the secondary consumers snakes and lizards are 

bits and mice. Finally the tertiary consumers 


lesser in number than the rab 
hawks or.other birds, are least in number. Thus the pyramid becomes upright. 


(ii) Pyramid of Biomass — They show the quantitative relationships 
of the standing corps. In forest and grassland, there is generally a gradual decrease 
in biomass of organisms at successive levels from the producers to the top 
catnivores. Thus pyramids are upright. However, in a pond as the producers are 
small organisms, their biomass is least, and this value gradually shows an increase 
towards the apex of the pyramid, thus making the pyramid inverted. 


(iii) Pyramid of Energy — The energy pyramids gives the best picture 
of overall nature of the ecosystem. Here number and weight of organisms al 
any level depends not on the amount of fixed energy present at any one time in 
the level just below but rather on the rate at which food is being produced. 
The pyramid of energy is a picture of the rates of passage of food mass 
through the food chain. 


al pyramids are classified as — 


orga 
grasses, are al 


£ ga OR 


INTRODUCTION, TYPES, CHARACTERISTIC FEATURES, STRU- 
ID FUNCTION OF THE FOLLOWING ECOSYSTEMS - 
REST ECOSYSTEM, (B) GRASSLAND ECOSYSTEM, 

T ECOSYSTEM (D) AQUATIC ECOSYSTEMS (PONDS, 
REAMS, LAKES, RIVERS, OCEANS, ESTUARIES) 


-- Discuss various components of a forest ecosystem. 
Hindi 3 Atquad 40% of the earth is covered by forests. Depending upon the 
oi COTE, forests may be classified as tropical forests, sub-tropica! 

and temperate forests. Each type of forest has its 0WN characteristie 


» 


ta 


03 ‘cal Enbineering {-Sem.) 
30 «Energy e Environmental End 
unica components of a forest ecosystem are — 
‘ flora and fauna. Typical pas case: 
(i) Abiotic ComP se The forest soils along wi 
hi 2 eet'inthe soil and atmosphere. 8 With {h 
substances present IN si d ic e 
‘ tninerals also contain dead OE5S x 
ci du The light conditions also are different in forest ecosys li 
“ due to complex stratification in the plant conii: 
(ii) Biotic Components — The biotic components of a foreg; 
ecosystem include - 

(a) Producers — Producers in a forest ecosystem are mainly big 
trees, accompanied by some shrubs and ground vegetation. Depending upon 
the climate in which forest formation is taking place trees may be of differen 
kinds, For example, in tropical moist deciduous forests commonly found trees 

‘are Tectona grandis, Butea frondosa, Shorea rubusta and Lagerstroemia 
parvifiora. In temperate deciduous forests, the dominant tree species are 
Quercus, Acer, Betula, Thuja, Picea, etc. In a temperate coniferous forest, the 
shrubs and ground vegetation are insignificant, and the dominant trees are 
species of Abies, Picea, Pinus, Cedrus, Juniperus, Rhododendron, etc. 

> (b). Consumers — These include — 


i i (1) Primary Consumers — These are the herbivores including 
animals feeding on tree leaves such as ants, flies, leafhoppers, beetles, bugs, 
cc pra _* cr) on shoots and/or fruits of the producers, 
> Nilgai, deer,‘moles, squirrels, flyine. ; 
mangooses, ee. 7 quirrels, flying foxes, fruit bats, 
LP Bevoudazi Conasmere - These:are the camivores like 
» fox, etc. feeding on the herbivores, 
- @) Terti 
I Xp Consamére — These are.ithe topcarnivores 


lizards, snakes, 


like lion, tiger, etc. 
1. include a wide variety of micro 
Fusarium, etc.), bacteria Conai 0 OI Aspergillus, Coprinus, Polyporus, 
Tia (species of a o» Clostridium, Pa tiomonas, etc.) 
tropical and subtropical forests is higher n Rate.of decomposition iN 
pic that in the temperate forests. 
_ 0.32. Write în brief about grassland ecosystems 
Ans. A grassland ‘ecosystem is a 


»cosystems occupy about 10% of the ita terrestrial ecosystem. Grassland 


»f a grassland ecosystem are as follows RR “lpazcorpeonen” 
(i) Abiotic Componenis - suon sa 
fo: 3 . 4 è = Thes de ie 
Ai ai dhe asti eo ee e i i Ie 
Yy 22, water, nitrates, phosphates ‘and salpa de wr 
» etc. present IN 


e E REGIONI RZ en SEIN 


anice 


debris = the litter accumulation, chiefly ;,. 
n 


‘ bushes and 


peer Fre ita 
NI fi ii 


Ecosystems 83 


of the area. In addition to the above, some trace elements are als 
s are also 


air and soil 
(ii) Biotic Components — These include — 

(a) Producers — They are mainly grasses, such as species of 
Dichanthium, Cynodon, Digitaria, Brachiaria, Setaria, Sporobolus, etc. Besides 
them a few herbs and shrubs also there. 

(b) Consumers — These can be classified as — 


(1) Primary Consumers — These are mainly grazing animals 
es, deers, sheep, rabbit, mouses, etc. Some insects like 
chis, Cicincella, some termites and millipeds, etc. that feed 
sses also found there. 


like cows, buffalo 
Leptocorisa Oxyrha 


on the leaves of gra 
(2) Secondary Consumers — These are the carnivores such 


as fox, jackals, snakes, frogs, lizards, birds, etc. eating herbivo:es. 
(3) Tertiary Consumers — Hawks feeding on secondary 
consumers occupy tertiary level in grassland ecosystems. 

(c) Decomposers — These include microbes active in the decay 
of dead organic matter of different forms of higher life, such as species of 
fungi like Mucor, Aspergillus, Rhizopus, etc., and some bacteria and 
actinomycetes. The decomposers brings the minerals back to the soil, thus 
making them available to producers. 


0.33. Give a brief introduction of desert ecosystems. 


Ans. Deserts occur where average annual rainfall is less than 25 cms. 
They occupy about 17% of the total land. Due te extremes of both, temperature 
and water factors, the species composition of desert ecosystems is much 
more varied and typical. Components of a desert ecosystem are — 

(i) Abiotic Components — The abiotic environment of a desert 
ecosystem include water which is scarce. However it is concentrated only in 
few torrential downpours, extremes of temperature (hot during the day and 


| cold during the night). Low relative humidity and dust storms are also included 


In abiotic environment of desert ecosystems. 
(ii) Biotic Components — They can be classified as — 


. (a) Producers — Chief producers of a desert ecosystem are shrubs, 

odifiari some trees whose roots are very extensive and stems and leaves “i 

San O store Water and to reduce loss of water as 2 result of transpiration. 
ower plants like lichens, mosses and bluegreen algae are also found. 


(b) Consumers — They include — 


(1) Primary Consumers — Camel is a pri 
ystem. Animals like rabbits which get water 


mary consumer 


of the desert ecos from succulent 


ring (Il-Sem.) 


si Frbrov & environmental 
ladini sn -rmiace animals do not drink water even if it jg f, 
plants found in deserts. These ani Tee] 
available. 2) Secondary Consumers — They include reptiles havi 
skin Be minimise loss of water from the surface of bo ù ng 
n ‘Tertiary Consumers — These are mainly birds Which 
conserve water by excreting solid uric acid. 
(©) Decomposers — These are Very few, as due to poo, 
the amount of dead organic matter is correspondingly less. They 


d fungi which can thrive in hot climatic conditions. 


impervious 


vegetation, 
are bacteria an 


Q.34. Write short note on — Aquatic ecosystem. 


Ans. Aquatic ecosystem is composed of the biotic (living) and abiotic » 


(non-living) environment. > 
Abiotic or non-living environment consists of physical and chemical 


components of ecosystem. The physical factors of environment are | 
temperature, light, water movement, humidity, water current, pressure, soil | 


and micro climate. Chemical factors include atmospheric gases such as O 
CO, etc., dissolved gases; pH, nutrients (macro nutrients such as Ca, i 
micro-constituents such as Zn, Mn, Ni, Co, Fe, B, CI, Cu, Si, etc.) and food. 
Living organisms of an aquatic ecosystem (as shown in fi g. 2.9) can be divided 
into three categories — 


(i) Benthos - Flora and fauna found 
such as worm, clam and crayfish. on the Bonomi of a sea or lake, 


ASCII 


Phytoplankton 


Microscopic Plants (Algae) 


PLANKTON 
I 
NEKTON 1] 
SI 
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n — Aquatic animals that are able to swim and move 


ii) Nekto 
(ii) urrents, such as fishes. 


independently of water € | 
i Piankton — The n “i microscopic organisms drifting or 

i: ana ona protozoa, small crustaceans. 
Sig 2. ..\. da lag sasa They can be further sub- 
divided into zooplankton (microseopic animals) and phytoplankton 
(microscopic plants such as algae). 


0.35. Discuss in detail various components of a pond ecosystem with 


floating in S 


neat sketch. 
Ans. A pond is a good example of a fresh water ecosystem. A pond 


| indeed shows a self-sufficient, self regulating system. Not only is the pond 


a place where plants and animals live, but plants and animals make the 
pond what it is. Some larger forms of life are also present in pond. Thus 
whole system becomes much complex indeed. However we may study the 
pond;as an ecosystem by making its convenient division into some basic 


components. 

(i) Abiotic Components — The main substances are light, pH value 
of water, heat and the basic inorganic and organic compounds, such as water, 
CO, gas, O, gas, calcium, nitrogen, phosphates, amino acids, humic acids, 
etc. A small portion of these substances is in solution form and is immediately 
available to the organisms whereas a much larger part is held in solid form in 
the particulate matter present in the bottom segments and also in the organisms 
themselves. 

(ii) Biotic Components — The biotic components of a pond 
ecosystem as shown in fig. 2.10 are as follows — 

(a) Producers — These are of two main types — 

(1) Rooted plants, which are floating, partly or completely 
submerged plants growing in shallow water only. The common plants are the 
Species of Trapa, Typha, Hydrilla, Marsilea, Nelumbo, etc. 
cca (2) Phytoplankton, which usually consists of algae distributed 
bro 3008 Peas as far as solar radiation penetrates. If abundant, ne give 
Majority of "E 0 the pond, otherwise they are not visible to a casual ai 
Cla eo ea such filamentous algae as Zygnema, Ulothrix, Spirogyra, 

edogonium. 


dutition on nia Consumers — They are heterotrophs which depend s' -; 

Mosto the e organic food manufactured by producers, the AI Po fish 

aîe CaMIVOrL. as are herbivores, a few as insects and some a 

as well. Consu Ce on herbivores. Some fish also feed on DIDEE SARAI 
Mers are distinguished as follows — 


mental Engineering (Il1-Sem. ) }. a 
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rin onsumers — These are known as her; Ecosystems 
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via eni o Zooplankt | 
- i ‘be large as well as minute ;, TS (B) Zooplanktons — These are chief] ; 

; ICroconsumers. These may € in gj, | ; y the rotifer: 
de are further classified as follows — %. || Brachionus, Asplanchna, Lecane, etc. They feed mainly on phytoplanktoro 
The | ; (2) Secondary Consumers — These are know 1 

n as 


(A) Benthos — These are the animals associateq uu 
| 1 


S vino vores. The feed on the primary consumers (herbivores), These are ch 
ng 


fish. Most insects as water beetles feed on zooplanktons 

(3) Tertiary Consumers — There are some large fish as 
| gamefishthat feed on the smaller fish and thus become the tertiary casini 
In a pond, fish may occupy more than one trophic levels. The smaller 
fish belong to herbivores levels, feeding on phytoplanktons as well as living 
plant parts and also on plant remains lying at the bottom. Some fish may Sa 
on some zooplanktons, thus occupying the secondary consumers level. Still it 
is common to observe the large fish feeding on smaller fish and thus occupying 


carmi iefly 


bottom forms which feed upon the plant remain 
insects and 


ivi , and those RE 
living plants ‘hese are known as detritivores. - 


at the bottom of pond. 


Decomposers 


the tertiary consumers level. 

(c) Decomposers — They are also known as microconsumers, 
because they absorb only a fraction of the decomposed organic matter. They 
bringrabout the decomposition of complex dead organic matter of both plants 
(producers) as well as the macroconsumers (animals) to simple forms. Thus 
they play an important role in the return of mineral elements again to the 
medium of the pond. These include a variety of heterotrophic microbes that 


È are osmotrophs. These are sampled by the use of several isolation methods. 
3 . È . . 
3 A They are mainly bacteria, actinomycetes and fungi. 
a 9 i. CI . 
E: SR 0 0.36. Write about an ocean (or marine) ecosystem. 
* = È Ans. Major oceans of the world, Atlantic, Pacific, Indian, Arctic and 
EI ri LS | Antarctic cover approximately 70% of the earth’s surface. Fach ocean indeed 
È 3 he a represents a very large and stable ecosystem. 
£5 E SÈ I ‘' (i). Abiotic Components — Abiotic components does not affect the 
H = n da x - 
sî = alles © ts) marine ecosystem because the chemical composition, dissolved oxygen, light, 
S È ci 8 E temperature, etc. do not fluctuate. 
= DI DE O Ss s"\ mis sie 
s S55 2 = = (ii) Biotic Components — The biotic components of a marine 
= nre 35-= 
5 ESS £ E E) ecosystem are as follows — 
EE LE <fo x 
e es 27 i (a) Producers — These are autotrophs and are designated iu 
“n 8 SES prImary producers, since they are responsible for trapping the radiant energy 
SE5ES588 of sun with the help of their pigments. Producers are mainly the phytoplanktons, 
bipine LI5I such as diatoms, dino-flagellates and some microscopic algae. 
a Mio) lane ; s, 
da, E (b) Consumers — These are all heterotrophic de 
. mia 7 e as 
Somuag SR dependent for their nutrition on the primary producers. Thes 
ST L 
(521045q43 : directly 
n | (1) Primary Consumers — The herbivores, that feed 


s13uNSUO 9 Lie wi] 
o : 
T producers, are mainly crustaceans, molluses, fish, etc. 


sI3mNSUO) 


; e 


SAT I ITINERE IN I I re - s 
S n s vr 
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= These are carni 
Vor, es fim 


feeding on the Data ers - These are the top carnivora; . 
3 E. Ha Cod, Haddock, Halibut, etc. that feeg n 
the food cha ‘ti secondary. consumers level. D 
core + The microbes active in the decay of deag 
are mainly becteria and 


VERSITY AND ITS 
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producers arìd macroconsumers: 


n e agro cone 
se 2ODU :INITION, GENETIC, SPECIES AND 
GRAPHICAL CLASSI- 


Q.1. Explain the term biodiversity with suitable examples. 
(R.G.P.V., Dec. 2014) 


où w 


Write short note on — Biodiversity. 
(R.G.P.V, June 2010, Dec. 2011, 2016, 2017) 


represents the sum total of various 


zoa, bacteria and multicellular 


È Ans. Biodiversity or biological diversity, 
biological levels 


| life-form$ such as unicellular fungi, proto 
| organisms such as plants, fishes and mammals at various 
including genes; species, habitats and ecosystem. 


According to World Resource Institute, “Biodiversity is the variety of the 
assemblage they 


| world’s organism, including their genetic diversity ‘and the 
form”. This concept inter-relates the genes, species and ccosystems. Because 
genes are ttîe components of species- and species are the components of 
ecosystems. Species are the central to the concept of biodiversity. It has been 
estimated that nature-has developed about 10 to 80 mi 


ù è È | Howeveronly about 1.5 million species could be assessed and enlis 
ierarchical levels 


0.3. What is meant by biodiversity, explain the three hi 
\_ of biodiversity ? ° RUE (R.G.P.V.,, June 2014) 


llion species on earth. 
ted so far. 


:EH > w | I n 
s | ie a do you understand by the term biodiversity ? Name and discuss 
terarchical levels to study the concept of biodiversity. 
E° (R.G.P.V, June 2011) 
Ans. Biodiversity — Refer Q.1. 


Hierarchical L ; ‘odiversi 
il 9 PARA evels of Biodiversity — Biodiversity Cal 
scribed in terms of its three fandamental and hierarchically related levels of 


Re -IIÌIT 
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biological ‘organizations: These de 
È f “® Ecosystem diversity | 
°° (ii) Species diversity | 
- (i) Genetic diversity — © 

Co Mr sica DI versity — Ecosystem biodiversity refers to i 

vari tion ii communities living MERO and e With 
Sr PRI tem the type and am 

d i ‘the type of ecosys OUNt op 
each other. Depending Upon , | 
biological species varies. | 


in a forest ecosystem, there may be a variety Of tregs 
siii undergrowth. They also have community of inseck | 
reptiles, amphibia, birds and mammals. On the other hand, in a grasslang 
ecosystem, there exists only limited variety of grasses, forbes and herbs, | 
Several species of insects, birds and small animals have evolved in these | 


SDERSC cina alt x 
(îi) Species Diversity — Biodiversity at its most basic level includes 

| the full range of species on earth, from the micro-organisms such as viruses, | 
bacteria and protists through the multi-cellular kingdom of plants, animals and | i 


fungi. 1 
;.«Thenumberof species of plants and animals, present in a region consîtitutes 


its species diversity. Both natural and agricultural systems have diversity of 
species. Natural tropical forests, have a much greater species diversity. than 
most of the other regions. rég i 
(iii) Genetic Diversity — At finer levels of organization, biodiversity 
încludes the genetic variation within the species, both among ‘geographically 
separated populatiors and among individuals withinisingle population. Gene: 
are responsible for diversity in an'organism.Genes are the life building blocks, 
which gives special properties to a certain kind of species. It allows population * 
of a species to adopt environmental changes. Dué'to theseigenatic properti* 
several organisms of a specieS ©an live in adverse conditions also. Genetic | 
biodiversity-is-the main diversity which:makes a country rick in biologica | 
TESOUrces... - a | 
Genetic biodiversity is.a valuable resource. A number of hybrid varieti* | 
of crops and animals are formed by incorpotatine-several'useful genes f1°" | 
several species. These hybrid speci E SOVRANO p BEBE di 
La 09 Aybnd species have more ‘production, longer life o, 
SIRIO pi a Itis necessary to conserve these genetic resGurce* | 
For this purpose Sg ganiS also called as germplasm banks are establishe! | 
Such gene banks ineltde botanical gardens, animal zoos. senetic reso! 
centre, culture collections, ete. In plant species seeds ci > BEI Mi so etativ | 
propagative parts (cor, bulb, tuber, ctc.), listed eto "ire Gollecte jan | 


stored in such germplasm banks... 


- and the high altitude cold desert in Ladakh and Lahaul-Spiti. 
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, 
i Genetic Diversity in a Rabbit Population 


Fig. 3.1 Hierarchical Levels of Biodiversity 


0.3. Write short note on genetic biodiversity. (R.G.P.V,, June 2015) 


‘ Ans. Refer Q.2, section (iii). 
0.4. What is the biogeographic classification of India ? 
Ans. India has been divided into following ten biogeographical zones " 
(i)  Trans- Himalayan — It includes extension of the Tibetan Plateau, 
: | (è) Himalayas-Itcoversthe entire mountain chain, having a diverse 
biotic provinces and biomes. 
(îi) Gangetic Plain — It is the Ganga Rive 
Tegions of Uttar Pradesh, Bihar and Bengal. 
i - (îv) North-eastern Zone — It includes plai 
alayan hill ranges. 
des N° »): Desert — It covers arid area west of the Ar avalli hill rangS 
ert of Gujarat and sand desert of Rajasthan. 


# 
r system compris!ng 


ns of north-east and non- 


salty 


di Eight (n-Sem.) 


92 Energy & EN t is the area between the desert and 


— (0) Semirid Zone — si range Ù 
ze Plateau including the Arav a 
Dec a ca rnges ad pn ming ong e ey 
(Vil) MESrTT o. 
n: | i of this region. 4 
Re "a Dec can Peninsula — It is made up of south and SOUth-ceny, 
P È è è A 
plateau i extends south of the Tapti River. 


© (ix) Islands Andaman and Nicobar Island. 
(x) Coasts and Lakshadweep Islands. 


Q.5. Write a detailed note on biodiversity. (R.G.PV., Dec. 2012) 
Or 
| What is biodiversity ? Discuss the uses/values that can be assigned to 


biodiversity. (R.G.P.V., June 2009, Dec. 2010) 
Or 


Explain the term biodiversity. Give its importance. 

\ | (R.G:P.V., Nov./Dec. 2007) 
Ans. Biodiversity — Refer Q.1. 
Importance of Biodiversity — Biodiversity is of both aesthetic as well» 


sg per climatic eyeles, precipitation (rainfall), n 
SIONE. onversion of waste maferials into nutri LIS 
biodiversity can be understood as follows — O 


() Biodivers c 
food, cla paid helps to satisfy the need of human being by provi ding 


cin : : : ; i 

uses, ©S, raw material for Various industries and domesl‘ 
(iî) Diverse species of I da 

x 5 . à hi) 
us invaluable and indispenisable i di. animals and micro organisms provide 


; i sa 
gIcal services. For example, maintain!!: 

ceize a i gus 
atmosphere, Maintaining amount of vario! 


i yeling of solid w 

iii) Biodiversitv ; astes, etc. . 
aa - - rops ERI iepalie genetic resource. Most of the hybri 
genes from different species, n developed by incorporating 45° 


the chemical Composition of 
nutrients in soil and Water, rec 


| Sducational, eth 
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(iv) The insect fauna containing a large number of Species 


tentially superior weed control agents, crop pollinators and are parasite 
pote 


pests. (v) Several plant species such as Neem, Tulsi, etc. have medic 


properties and are used in Vanoli p_--: Tua one-third of the chem 
compounds sa TESS :4 5 ved by plants to protect themsel 
from their enemies and parasites. | | 

(vi) There aregilitigpe: “N species which plays important roles 
mnaintaining ani impro gf E aggra! O REGHIGAL For example, earthwor 
helps in aerating the soil and increase its fertility, by turning it upside dov 
Snakes protect the crops by. eating rodents. 

In fact each species in an ecosystem helps to maintain ecological balan 

in nature. 

(vii) Biodiversity also preserves and improves the socio-economi 
aesthetic, cultural, and religious values of ecosystems. 


© 0.6: Write short note on — Value of biodiversity. 
‘Ans. The value of the earth’s huge biological resources can broadly b 
classified into following two categories — 

(i) Direct Values — One of the most important values of biologica 
resources in providing the food to mankind. Originally, plants were consumec 
directly from the wild. These wild species later on became the foundation for 
agriculture. In traditional medical practices like Ayurveda, plants or their extracts 
are directly consumed or used as medicines. Genetic diversity is also being 


“used by men since long. Animals like cows, goats are use for milk, horse, 
bulls, camels, elephants, etc. are used tor transportation, and chickens, fish, 


ete. for food products. The biological resources are primary sources of wood, 
firewood and several industrial products. 
(i) Indirect Values - Biodiversity also have following indirect values — 
(a) Carbon fixation through photosynthesis. 

n (b) Maintaining water cycles, recharging ground water, 
Protecting watersheds and buffering from extreme conditions such as flood 
and drought. 

(c) Soil formation and protection from erosion. 
(d) Maintaining essential nutrient cycles. 
(e) Regulating climate at both macro and microlevel. n 
a » è . al iasi G; 
(1) Preserving recreational, aesthetic, socio-cultural, scientit! 
Ical and historical values of natural environments. 
0.7. Gi REA 
An "© example of consumptive and productive use of i ] 
Ss. . " iologica 
Whatever we eat is directly or indirectly provided by the biolog 


dg 


Sem.) 
vegetables, fruit, meat an d di 


a Engineering (Ill 


is obtained from bio 


consumptive use | 
Goods of vari 


mpanies also depend heavi 
pharmaceutical comp inost of microbial, 


search for new drugs. À been derived from marine fauna. Many 


iological substances have | 
Dee bs have been identified, some of which are capable of cleaning 
up oil spills and toxic wastes, while others can extract metals from ores, 


These are all examples of productive use of biodiversity. 
0.8. Write short note on — Ethical value of biodiversity. 


Ans. Biodiversity beside 
which are given below — 
(i Eachspecies has a right to exist. Each species has value for its 
own sake, an intrinsic value which may not be related to human needs. 
(i) All species are interdepéndent. The loss of one species may 
have far reaching consequences for other members of. community. 
(iii) Humansmustlive within the same ecological limitations as other 
species do. î, 
(iv) People must take resp - sibility for their actions. 
(v). Effects on future generations need to be considered. 
.. (vi) ‘Resources should not be wasted. _ sail 


; “no orains 
kinds of food. including gS Jogical resources. This is ù 


‘ade like fuel, 
cus kinds like s. Most of our current food crops have | 


(R.G.P.V,, June 2012) 


s having economic value have some ethical values, | 


(vii) A*respect for human life and human diversityiis compatible 


with a respect for biodiversity. : ... Dì, 
(vili) Biodiversity is needed to determine the origin of life. 


(ix) Any human action which tends to destroy the integrity, stability | 


and beauty of the biotic community should be considered wrong. 


0.9. Write in brief about social, aesthetic and option values of. biodiversi!® | 


ef. Social Value = Biodiversity offers various :socio-econom!‘ 
e society. The diversity in nature brings diversity in cultures: 


biodiversity of the planet enables activities li 
. è Activities like wildlife tourism, natu? | 
photography, trekking and bird watching. Biodiversity also helps in maintainins | 


health of living beings by providing various-vitamins and minerals Biodivess 


places also attracts tourists thus results in a source of cash inflow. © © 


de 
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(ii) Aesthetic Value — Biodiversity also has a lot of aesthetic val 
e to nature gives many of us enjoyment and tren sci 
di ua 


ass : 
being 10 od 
Just poets, artists and composers Inspire from nature for thej 
Ir 


solace. Writes, 


CAINE k. 
creative woT. } n A 
(iii) Option Value — Option value refers to the option of paying now 


for the future use of nature. For example, by planting trees, cleaning our 
jvers using natural resources in conservative manner, etc. can help the 
rivers, last longer so that our future generations can also en joy 


importance and uneven distribution over 


earth’s surface. (R.G.P.V., June 2015) 


Ans. Biodiversity — Refer Q.1. 

Importance of Biodiversity — Refer Q.5. 

Uneven Distribution of Biodiversity — The distribution of animal and 
plant Biodiversity is not equal all over the places. Biodiversity in a particular 
area depends upon the climatic conditions such as condition of soil, water and _. 
air and meteorological parameters such as rainfall, humidity and solar radiation. 
| Moisttropics of the world provide luxurious climate for growth of rich 
biodiversity. Almost about two-thirds of the worlds°s plants are present in 
tropics. Tropical forests and coral-reef contains about 50% of the total species 
on the earth. 

Among the non-tropical countries, the arid and semi-arid regions of South 
Africa contains large collection of rare and endangered plants which include 
large number of endemic species. 

On the other hand, species in the Boreal coniferous forests at the northern 
belt near Arctic Sea, which is already very thinly populated are getting further 
reduced due to harsh and unfavourable climatic conditions. The biodiversity 
In some of the temperate and sub-tropical region (i.e., the zone between 
Sin forests of north and the tropical zone in the south of the Northern 

emisphere) is already under threat due to enroachments. 


0.11. Write a short note on — Global biodiversity. 


Rene has developed exceeding by complex sp 
Estimates 1 on years. Exact number of species inhabit this ea 
Most of th pi ge from 4 million to 100 million. The best guess 1$ ‘°° Ri 
be seen b species on earth are of insects and microorganism$ SR pa 
have i be d DER eyes. So far about 1.8 million species (except for bacter 

been identified, named and catalogued. These include 2,70.000 plan 


Speci Î , "ae 
ie 45,000 vertebrates. and 9;50,000 insects, Roughly 10,000 new specteò 
identified every year 590, ; 


ectrum of life forms 
s earth is not known. 
10-14 million. 


to 


. Even out of 


been studied to some n i 
with environment IS known only ies are found in the tropical Moist 


level. AMODE 


biodiversity is very less because 
the proliferation of life forms. LÀ 
Q.12, Comment of India's mega diverse biodiversity. 
Ans. India has a very rich biodiversity, because of its unique 
biogeographical composition, which comprises living components of three 
different realms, viz. Palearctic, Indo-Malayan and Ethiopian. India has more 


than 17% of land under forests and more than 54000 square km of wetland | 


under protection. India’s biodiversity is one of the most significant in the 


world. There are 45000 species of wild plants and over 77000 species of wild. 


animals have been recorded so far in India. At least 166 species of crops and 
320 species of wild relatives of crops originated here. There are about 50000: 


60000 varieties of rice grown in India. Its genetic biodiversity include 60000 — 


species of insects, 1200 of birds, 6500 of invertebrates, 2000 of fishes, 420 
of reptiles, 340 of mammals and-140 of amphibians. 


Based on the above data; India is ranked tenth among the plant rich 


countries of the world, fourth among the Asian countries, eleventhi according 
to the number of endemic Species of hi; ; 


gher vertebrates (amphibia, birds and 
mammals) and tenth in the world considerin “ 


the 25 hot spots identified in the world, India has four. 


0.13. What is a biodiversity hot spot ? 


Ans. Biodiversity hot Macy 

roman schfifi ‘1g Ot spots are the areas that are severely threatened by 
processes of speciation and 
rich biodiversity, because D) 


fauna, and exhibit SE formations and endemic flora and 
spots cs: entifie interest are called biodiversity hot 
The idea of hot 


g the mammals species. Out of | 


è» 
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spa basically decided on the basis of diversity in plants. An are 

{Ss O ic - , MILVA 
a F rimum of 0.5% of the endemic plant species out of the total plant 


arth and which has lost 70% of its primary vegetation is 


decided 
species on € y 


as fa Mayers classified 25 areas as hot spots worldwise. Thy 
or 


60% of the world's biodiversity. pecies of the world are 
ic to these hot spots. 
8; nio there are following four biodiversity hot spots — 
(i) Western Ghats 
(ii) North-east India 
(i) Himalayas 
(iv) Andaman and Nicobar Islands. 

The Westem Ghats, specially the southern Western Ghats are known as 
Malabar, is.the major genetic estate with an enormous biodiversity of ancient 
lineage. Out of the 5 locations identified by IUCN as threatened, three areas 
are found.in this region viz. Periyar A gastyamalai hills, Silent valley and Periyar 
“National Park. 

North-east India represents the transition zones in the Indian, Indo-Malayna 
and Indo-Chineese biogeographic regions. Some of the hot spots in this zone 


are Namdapha, Tirap, Sirohi, Dzuko, Tura, Buxa Valley and Tale Valley. 


Western Himalaya contains 5000 flowering plant species, out of which 
800 are endemic. Some major hotspots of this region are Valley of Flowers, 
Pithoragarh, Gori Valley, Mandal-Chopta valley, Karakorum and Ladakh. 

The Andaman and Nicobar Islands have about 2500 species of flowering 
plants of which about 250 are endemic. Some of the hotspots of this region are 
North Andaman, Table Islands, South reef Island, and little and Great Nicobars. 


apvamazi i] 


Ra 


O BIODIVERSITY - HABITAT LOSS, POACHING OF 
ice MAN- WILDLIFE CONFLICTS, ENDANGERED AND 
°EGIES OF INDIA, CONSERVATION OF BIODIVER - 

V AND EX- SITU CONSERVATION OF BIODIVERSITY 


SETRCEZIO 


ERIN 


2.14. Wha ; 
ni t are the major threats to biodiversity ? 


ns. l 
The main Ha enormous extinction of species is taking place on our earth. 
Natura] i for this is the human doings and their high dependence on 
es. . . stem, 
are now either e Many species that were a dominant part of our ecosyste 


Xtinct or endangered. Some major threats to biodiversity aré — 


ering (Il1-Sem.) 
The primary cause of the loss ii 
tresults from the expansion of huma, 
{he primary threat to majority j 

e major factors causing habiy, 
mmercial activities, such as mining 
cture and dam construction, 


Environmental Engine 
(i) Habitat Destruction:— 


98 «Energy & 


biodiversity is the habitat destructtot, wr 
populations and activities. Habitat * 
vertebrates currently facing extinelo?. 
destruction are the large infos di ni 
i , agrie ? ana 
ao a i ira - Habitat pai is cn Proces; 
where a large, continuous aréa of habitat is both, reduc pu aréa an ò divideg 
into two or more fragments by roads, fields, t0wnS, can ” I Ines ete. 
Habitat fragmentation may limit the potential of species or dispersal and 
colonisation. It also reduces the foraging ability of animals. 
radation and Pollution — The most subtie form of 


iii) Habitat Deg. icides, i 
(iii) ental pollution, caused by pesticides, industria] 


habitat degradation is the environm i : i 
chemicals and wastes, emissions from factories and automobiles and sediment 


deposits from eroded hill sides. Acid rains, global warming and depletion of 
ozone layer are also responsible for habitat degradation. 

(îv) Commercial Hunting and Poaching — All over the world, a 
large number of birds and animals are killed for their commercial use. According 
to an estimate the illegal world trade in rare and endangered species of plants, 
birds and animals is about US$ 8 billion per year. A live mountain gorilla can 
fetch US$ 150,000. 

E Commercial hunting has affected more than 37,000 plant and animal species 
including rhinoceros, tiger, leopard, gorilla, butterfly, frog, tortoise, panda, 
cactus, mahogany, etc. i % 

La poachers, are mostly poor people living in developed countries, depend 
onthis illegal trade for theirlivelihood. They collect specimens indiscriminately, 
n LE and su di female. On an average, foreach animal captured 

, ers are Killed, and to make it asili ni that 
> are Captured die intransit. a eg Pao! tig Age animals.tha 

For doing all this, the poacher gets véry little monev. Most G i 
going to the middleman. The coun , f n, little money, most of the money 

try of original also does not get any benefit, 


since no taxes or duties are paid, 
(v). Introduction of Exotic Sp 
accidently or deliberately, 


>» «d 
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on È 
per Exploitation — Increasing human population h 
resources. Over exploitation threatens about one-third of $ 
rates in the world, as well as other species. ronzio the 
fficient methods of harvesting and the slot g rural 
to exploit species to the point of extincti 


AS escalater 


(vi) (0) 


gered verteb 


overty, increasingly © 


{he econoM 
species is NO 
may becom@ 


Q.15. Write 


alization of 


short note on — Endemic and exotic species. 
PICS (R.G.P.V, June 2013) 
Endemic Species — Species which are found in a particular area 
and nowhere else in the world are referred as endemic species. Thus, they are 
{he unique species. Areas where endemic species are generally found are 
referred as areas Of endemism. These areas of endemism have generally been 
isolated for a long time, thus enabling the original species to evolve into new 
genetic areas better adopted to local area. Isolated mountain tops, valleys and 
large oceanic islands are usually areas of endemism. 

| Exotic Species — Organisms introduced into habitats where they are not 


Ans. 


°° native are termed as exotics. Exotic species are the biological pollutants and 


Ci % 


canb 


e considered as one of the most damaging agents of habitat alteration and 
"degradation in the world. Man is the responsible for introduction of various 


Magg species into our natives, intentionally or accidently. These exotic species 


| fréed from the parasites, pathogens, predators and competitors that can keep 
their population in control, often exhibit explosive population growth. Their 
aggresive invasion might be considered a kind of ecological cancer. 


0.16. Discuss the concept of endangered species.(R.G.P.V., June 2011) 


Ans. Wildlife species include both animals (fauna) and plants (flora). T he 
Wild animals as well as plants have evolved like man over millions of years. 
Together they form the complex web of life on the planet earth. Wildlife has 
various cultural, economical and biological importance. 

. Wildlife species whose number has been reduced to a critical level or 
Reit re fully destroyed and are on the verge of na i 
and animal langered Species. Various factors due to whic ‘ 

MIUR E are In danger of extinction, include — | 
ARNO DE truction of their natural habitats due to expanding agriculture, 

0, n and industrialisation. 
vc Overgrazing by domestic animals which ca 
i area into deserts. 

Mani, SI Poaching for meat, skin, fur, ivory, rhino hors, 


(iv) Export of some species. 


dra n convert the 

8rassland 
{ 

etc. 


atte È, PSR VENE 
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either individually or in combination May creyg, | 

s to become extinct or even to exist no longr | 

animals include Asian lions, Asiatic buffalo pecies include — 
zzy bear, kiwi bird, lion-tailed monkey DI). Marinicls — 


(a) Primates — 12 out of 19 species of primates found in India 


Any of the above factors è | Mesficor the animal species of India, that have been identified as inizia 
— the chantés for certain specie 
Some of the endangered species of 


Asiatic leopard, white elephant, gr1 


musk ox, rhinoceros, seals, etc. ; Po 
; 1, ic species of India. 
0.17. Write short note on — Endemic Sp (R.G.P.V., June 2017) 
Aris. The endemism of Indian biodiversity is quite rich. About 1/35 of x 
country's flora are endemic (not found elsewhere). Of the 49,219 plant Species, 
found in World, 5150 are endemic to India. These a distributed into 14] 
genera under 47 families make about 30% of the world s recorded flora, In 
India, about 15000 species of flowering plants (angiosperms) are known to 
occur, out of which 4950 species are endemic. These flora are mainly 
concentrated in'the North-East, Westem Ghats, North-West Himalaya and the 
Andman and Nicobar islands. Of all the endemic plant species, 3500 are found 
- in Himalayas and adjoining regions and about 1600 in the Western Ghats alone. 
India is also a centre of crop diversity. It is the origin place of 167 species 
. 0f cultivated plants and 320 species of wild relatives of cultivated crops. 
Besides floral wealth, India is also rich in reptiles, amphibians, sallow- 
tailed butterflies and some mammals. Number of animal species endemic to 
India are given below in table 3.1. 
PER Table 3.1 


Mollusca — 


Land 878 

Freshwater _89 
Insects 16,214" 2° 
Amphibians 110. ce 
Reptiles 


0.18. Write an explanatory 


of India. note on Endangered and Endemic species 


(R.G.P.V, Dec. 2015) 


to Himalayan region. TbeY 
etc. di. 


È endangered. They include Hoolock gibbon (the only ape found in India), 
fiontailed'macaque, pigtailed macaque, Nilgiri langur, golden monkey, etc. 

| (b) Carnivora — 28 out of 36 such species are endangered. 
They include Indian wolf, red fox, Indian fox, Himalayan brown bear, red 
panda, Malabar Civet, striped hayena, tiger, Indian lion, leopard, etc. 

| (©) Perissodactyla — They include great Indian one-horned 
fhinoceros, smaller one-horned and the Asiatic two-horned rhinoceros, Indian 
wild ass. — 

(d) Pholidota — The Indian pangolin and the Chinese pangolin. 
(e) Artiodactyla — Kashmir stag or hangul, Andaman wild pig, 
‘Alpine'musk deer, mouse deer, blackbuck or Indian antelope, chinkara, gour 
or Indian bison, wild yak, etc. 

(f) Rodentia — Eleven species of flying squirrels and two of 


marmots. 
(g) Cetacea — Gangetic dolphin, baleen whales and other whales 
‘nd dolphins. 
i (ii) Birds — These include swans, pinkheued duck, whitewinged 
wood duck, grey teal whooper swan. 
*. Indian black-crested baza, black eagle and many bawks, eagles and 
(falcons, red spruiowl, painted spruiow1, mountain quail, Indian peafowl, 
blacknecked crane, hooded crane, great white crane, several bustards like the 
great Indian bustard, the bengal florican, houbra bustard, Indian skimmer, the 
Nicobar pigeon and many more. 

(iii) Reptiles — Several turtle and tortoise such as leatherback turtle, 
he ereensea turtle, the howksbill turtle, the estuarine crocodile, the marsh 
‘tocodile and the gharial. 


a (iv) Insects — Some dragonflies, butterflies, and moths and beetles 
ale endangered. 


This is not a complete list, there are many more species which are 
€idangered in India. 


Endemic Species of India — Refer Q.17. 


: 0.19. Explain In-situ and Ex-situ conservation along with their merits 
Indilimitations. (R.G.P.V, Dec. 2015) 


. ° tà siti ì so sani 


ineeri Il-Sem. 
environmental! Engineering (! ) 
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i conservati = 
ni In-situ and Ex-situ methods of fia of biogi, (i) Biodiversity Inventories — Current scientific knowledge of 
Write dow -G.P.v, Juno Jkological processes has to be strengthened by adequate research efforts aimed 
È i ine methodologies, distributional and status information. For this 
‘ey and Ex-situ conservati | improving gi o i 
«riorentiate between In-situ an \ on. jurpose intensive inventories are needed to determine all the species present 
Differen (R.G.P.V, June yjrom microbes t0 vertebrates. This will help to prevent those species, which 
Biodiversity în protected habitats may be conserved by on le BREE cer of extinction. I 
Ans. È (ii) Conserving Biodiversity in Protected Habitats — Refer Q.19. 


di cds 

wing two meth . i . | csi - . : 

PE . In-situ Conservation — It is the conservation of SPecieg (ii) Restoration of Biodiversity — Restoration of ccosystems and 
i) In- 


tems or even in man-made ecosystems. This refers ; Jiological communities is an important means for maintaining biodiversity or 
natural COSÌ, :ld flora and fauna, and not to the domesticated i ileast of retarding its net loss. This can be done by restoring both the extent 
doi e svn is possible by protection of population in “i quality of habitats. Techniques which can be used to restore eco-systems 
i. by declaring the area as protected area with emphasis elude vegetation planting to Moro! erosion, fertilization of existing vegetation, 
to save the entire area or an endangered species. According to the yemoval of contaminated soils, fencing to prevent cattle, restoration of 
Conservation Union, p 


rotected area is defined as, ‘an area of land andlo ydrological connections to wetlands etc. 
specially dedicated to the p 


rotection and maintenance of biological dive (iv)yvImparting Environmental Education — Educating people from 


and of natural and associated cultural resources and managed through leg walks of life regarding eco-friendly practices to conserve plant and genetic 


other effective means”. iodiversity. People should be motivated to conserve resources and to avoid 
National parks, sanctuaries, nature reserves, cultural landscapes, bioiffa vagamce. 
(v) Population Control - Effective population control measures have 


reserves, etc. belong to this type of conservation. 
In-situ is an ideal system for genetic resources conservation, Mfgpo taken by involving all political parties, religious faiths and social 
) ganizations. 


practicable for domesticates. LI 
(ii) Ex-situ Conservation — Ex-sitù conservation tel (vi) Enacting, Strengthening and Enforcing Environmental 


conservation of species, particularly of endangered species, away i gislations — Existing environmental laws against ecologically unsound 
ir dattal abitati Germplasm banks, also called'as gene banisgfSeS should be strengthened and enforced ruthlessly. 
established for ex-situ conservation of the species. Such gene banks ine | Q.21. What are the factors responsible for loss of plant and genetic 
botanical gardens, animal z00s, genetic resource centres, culture colletiaiversity ? Discuss steps needed to prevent them. 
etc. The ex-situ conservation is the conservation in captivity under Mi" | (R.G.P.V., Dec. 2008, 2013) 
care. | ; Ans. Refer Q.14 and Q.20. 
Ex-si ion i - » | - 
Itu conservation is gppre suited for plants than animals. | 0.22. Discuss the concept of biodiversity at three hierarchical levels. 


0.20. Write an explanatory mò = Mioservation of bio diversib [rite importance and conservation of biodiversity. (R.G.P.V., June 2016) 


(R.G.P.V, June ® Ans. Refer Q.2, Q.5 and Q.20. 
Ans. i ° . . 3 ode dEi . . . 
zi sii 1s not only an ethical tragedy, i S vd | 0.23. Write short note on — Biodiversity treaty.  (R.G.P.V., June 2012) 
is our insurance against 01 one. The genetic wealth encoded in | dl | Ans. The biodiversity treaty was signed by 171 countries, including India, 
depend on-th agncultural disasters and crippling diseas©* .ftthe Earth Summit in Rio De Janeiro (Brazil) in June 1992. Some salient 
including si N services provided by a biologically 1!° È wfatures of.this treaty are — 
a z , . : i . sia se 
he pure water, thus without biological diversity e do (i) Recognizing the intrinsîc value of biological diversity. 


perish. Thus, it is necess i 
, iui . an ii i i | | ! 
raking following steps ni to conserve the biodiversity. This © (ti) States have sovereign rights over thick biological resources. 


siefits arising from the use of traditional Kartow, 


gal I edo | 
È sÙ ‘ces should be shared equitably. 8, 2 

i ivatio arto LESS zi «ria 

no Ri” tion of access of genetic resources on mutvally fl 


ario informed consent of thf country Providing thy; 

"57 ; SIMANA IR ; È è, RI 
Sl mt Li ipicn country to share in the benefits of Utiliziy 
(i Developed nations should transfer relevant t 


incl biischiology to developing nations. 
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0.1. Define air pollution. 

Ans. Air pollution may be defined as the presence of one or more 

o i ontaminants like, dust, gas, mist, smoke, odour in the atmosphere which are 
si jurious to human, plant or animal life or which unreasonably obstruct the 


Imfortable enjoyment of life and property. 


According to Indian Standards Institute air pollution is defined as, “presence 
foreign substances in ambient atmosphere, resulting from the activity of 
È In sufficient concentration, present for a sufficient time under the 
Ì "ea which interfere significantly with the comfort, health, or welfare 
Persons or with the full use or enjoyment of property.” 


0.2. Name primary and secondary air pollutants. (R.G.P.V, June 2015) 


| Air Pollutants — Primary air pollutants are those which 
ley are emitted dia so atmosphere and remain there in the form in which 
;0,), o ptc include carbon monoxide (CO), oxides of sulphur 
(mne, particulates °gen (NO,), hydrocarbons (HC°s), hydrogen cyanide, 
©. Out of these C 7 ei compounds, metal particles, bacteria, pollen, 
Nutants Which contrib A NO, HC°s and particulates are five main air 

S ute more than 90% of total air pollution. 

econdary Air Pollu i 


4 tants — 2 in air 
È the Interaction betwee Secondary air pollutants are produced in a! 


n.two or more primary pollutants, or by reaction 


i IAA 1 Mep (en atmosphèri 
RE si SH ì Pheric consti : » 
Sé pre a da È Y Senerated ‘by exh tituents, with or without photoactivation. They are 


F “7 ATO oe P — Ù: © Ozone (0,), mn of automobiles and industrial emissions. They 
RN, dehyde, acid Mists ia Nitrate (PAN), photochemical sm0£, 
a CREA di ha 


ei. 
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HO air pollutants give name of them > 


s of air pollution can be grouped int 
««egid'to be polluted. The, source 5 
(R. G.P.V June it 18 said to 
5) d 


i aipr categories — 

v I di. i ini sources (ii) Man made sources. 

classify air pollutants ? (R.G.P.V, June | 

SP cla sification fair pollutants with examples. 
Dee VERGA Y (R.G.P.V., Nov./Dec, 


(i). Natural Sources — The natural sources of air pollution are 

ic eruptions, releasing poisonous gases (e.g., SO), HS, CO), forest 

ale al organic and inorganic decay, marsh gases, deflation of sand and 

ene ita Eirestridi bodies, cosmic rays, soil debris, pollen grains of flowers 

Ans. Air pollviants may be classified according to their origin, cheniknd fugal spores. Some major sourggli » _ 

composition and ste of matter. Various classifications are discussed ber, (a) Atmospheric Reactions = The earth”s atmosphere absorbs 
|.‘ (©). According to Origin - Air pollutants according to their ongnost of the cosmic rays fromiouter.space, electromagnetic radiations from 


do 


may be classified as- e sun and infrared radiations re-emitted from the earth. These radiations 

i tira @ use various chemical reactions. in the lower atmosphere which leads to 

] ta): dica PIRRO PORRE nversion of atmospheric gases and Vapour into solids and liquids by oxidation. 

(0) Secondary Air Pollutants - Refer Q.2. uction, combination, combustion, condensation or polymerisation. In upper 

(ii) According to Chemical Composition — According to cheniiifice ultraviolet radiations from the sun cause various photochemical 
Composition air pollutants may be — 


i ctions producing more complex compounds. In this way, these chemical 
(a) Organit (b) Inorganic. ind photochemical reactions occuring naturally in the atmosphere produce 
_ Organic air pollutants are thòse which contains carbon and hydrogerl 0js atr pollutants. 


theîr main constituents along With other elements such as oxygen, nittoà ©. (b) Dust and Aerosols — The dust and aerosols originating 
asia virienlin Theirexamples are hydrocarbons, aldehydes, ct present in the atmosphere consists of salt particles from sea water, 
va ” i ndensation nuclei, air-borne particles from soil and vegetation, bacteria, are 

Sd taceganic dir pollutants are CO, CO,, SO, NO,, O,, etc. ‘or ar'pollutants, 
SaS ig seg to State of Matter According to the state of mi illeria 3 Gi i Micro-organisms _ Micro-organisms such as algae, fungi, 
@) Pari me ni A Yeasts, moulds, Spores are present as viable particles in the 
 riculete (b) Gaseous. va i da Except algae all these micro-organisms can be transported to 
De, arena Aivided solids'and liquids, gere” <a n Wind and they can infect plants, animals and human beings. 
Prey, fog, ic. are liquid parti de” etc. are/solid particulate and m Weeds ) Pollens- Pollens or aero allergens enter into the atmosphere 

Gascous air po i "E bv: 5'ASSes, and trees an 


s and lace to 
Y wind currents. can be transported from one p 


RO a l 
"8 crust NI Radioactive Minerals - Radioactive minerals present in 


* Tadioactivi cme rays from outer Space are the mainly responsible for 
pi I1Y of the atmosphere. - 
(ii) Man mM, 


Made, as h ade Sources _ 
al Matural air poll tion i 
ùtosr, S Pollution is s 


‘ ì i . 
air poll ‘Sarted to pollu, © “an in nature. Ever since fro”, The major sources of air pollution are 

I Pollutanis are ca) ute the ! elf controlled by nature’s auto cleansing 
Ut man pollutes the air to such an extent that it can 


b ; 
vi ag, Altre itself. Some important man made sources of air 


i ast 
i air. Th Fuel nt ge° 
On Monne: le most importar i 

hydrocarbons, hyd ©n Sup nozide, chlorine, halogenated solve! 

OW amount of these polluta, Nitrous oxj and sulphur dioxid©. 

due 10 nature's self regia cajatt does not lead to an rious 

so high that they Cannot be (lemmi But. y AS their Rion peo 

I SLRRO (eni SÈ 


Une of the (a) Tncrease in 
= OSphere?s regulatory cy! 


x . lation 
“ Most im Population - The rapid growth of populati 
Veg billions sea Nt causes of air pollution. Present world population 


‘5 6XPected to doubled after every 35 years. Increased 


we: ‘£ars, scooters, trucks, etc. release hu 


inental Engineering (Ill-Sem.) 
poi oa su fis cpgo for breathe ut it sso ny, 
extra food and land; which results in deforestation and loss of wild na 
(b) Deforestation - Plants maintains the balance of ci 
O, in nature by photosy thesis. But indiscriminate cutting of trees by a 
his short term needs disturbed the balance of CO, and O, in nature n 
results în global. warming and increased sea level. Deforestation also ti 
the soil erosion:and affects the water cycle of nature. 


(>) : Combustion of Fuels — The conventional sources of 


eriergy requirement are wood and fossil fuels. About 97% of the total eng 


we used in our factories and homes comes by combustion of coal and natji 


gas, i.e., fossilfuels. The incomplete combustion of these fuels generi 
smoke which contains — 

si 1. Fine particles of less than 100 1 in diameter, such 
carbon particles, metallic dust, resins, tars, aerosols, solid oxides, sulpha 


and nitrates, etc. | 
si ‘2. Coarse particles over 200 pin diameter such as cart 
vy metallic particles. 

3. Nitrogen compounds such as NO, NO, N20, eto. 
4. Halogens and radioactive substances. | 


...FRe major fuel buming sources are automobiles, thermal power Pl 
industrial processes, heating plants, transportation, etc. 


Quei (d) Emission from Vehicles — The automobile exhaus!s' 
responsible for more than 75% of total air.pollution. The automobiles } 


= h 

carbon monoxi ge amount of poisonous gases 5 | 
“addition ‘iso So liydrocarbons (14%) and nitrogen oxides (8%) 
Snloe la ins and particulate lead. Oxides of mitrogen in prese” 

3 SE © e smog, which is very toxic in nature- i 
e î TO La LO dl ; 
industries paper ks Industrialization = Industries such aS cher” 


particles and h 


Environmental Pollution 1C 


 :0.6.D efine air p ollution. What are the sources of air pollutants ? Ho 
you will classify air pollutants ? (R.G.P.V., June 2009 fa ni 
Ans. Refer Q.1, Q.5 and Q.4. i 


0.7. What are the adverse effects of air pollutants ? (R.G.P.V,, Dec. 2014 


Ans. A normal human inhales about 16 kg of air every day. This a 
contains various alr pollutants, effect of these pollutants depend upon the 
concentration, duration of exposure, age, sex and medical condition of th 
receptor, and climatic conditions. The various health effects are as follows 

(i) Pollutants such'as NO,,, 03, PAN, smog, etc. can cause eye irritatio1 

(ii) SO, NO, insecticides, pesticides, etc. can cause nose an 
throat irritation. 

(ii) Gaseous pollutant, such as SO,, NO,, HS can cause odou 
nuisanceieven at low concentration, 

(iv) SO,, NO,, 03, CO, etc. can cause respiratory tracts an 
particulates, specially pollen can cause asthmatic attacks. Higher concentratio 
‘of SO} NO;, SPM and photochemical smog can aggravate chronic pulmonar 
diseases. 

(v) CO and NO can react with the haemoglobin in the blood am 
reduce its oxygen carrying capacity. This increases stress on those sufferin, 
from cardiovascular and pulmonary diseases. 

(vi) Heavy metal particles like lead emitted from vehicles are ver) 
poisonous and can cause damage to lever and kidney, which results 1! 
abnormality in fertility and pregnancy. 

(vii) Polycyclic organic compounds, aliphatic hydroca 
Can cause cancer. 


rbons, etc 


A È 5 A P n > aus€c 
(vili) Radioactive isotopes like 1,31: P32> Cogo Ra226 PAN © 


anaemia, leukaemia, cencer and other genetic defects. 


0.8. What is air pollution ? Classify various air pollutants pier 
examples. Write adverse effects of pollutants. (R.G.P.V, Dec. 


Ans. Refer Q.1, Q.4 and Q.7. 


; tion. 
0.9. Define air pollution. Discuss causes and effects of air pollul 
(R.G.P. V, Dec. 


Ans. Refer Q.1, Q.5 and Q.7. 


0.10. Give characteristics and sources of carbon mo! 
Sinti Carbon monoxide is one of the most serious air pol! 
Its com S, odourless and tasteless gas, and weighs about i 

Position in aîr is 0.00001%. It is a poisonous ga$ 21 


n 
Sphyxiant (pulse stopper). 


roxide in al” 
utan 


i. Itis 2 


" ‘in'atmosphere are volcanic eruptions, natural è 


Natural souf0es oxidation of methane gas, etc. All these natural SOUrc 


emissions: giore total CO production, while automobile ex 
peniguning 03 total CÒ emission. Other sources of C 
mpeg combustion of fuel. 

QI. What ate the il effects caused by co ? 

Ans. CO alone forms about 48% of all the gaseous pollutants. a 
seriously affect human aerobic. metabolism due to its high affinity fo; 


es 
haus 


SAS 


O are | 


haemoglobin (Hb).Itreacts with the haemoglobin of blood and displaces OXygen | 


and form carboxy-haemoglobin (COHb), thus reducing the capability of blood 

to carry oxygen. If percentage of COHb is below 1% it has no app 

effect, but if it reaches 2 to 5% it can affect central nervous system and c 

impairment of visual perception and brightness discrimination. Over 5% COHb 

can cause cardiac and pulmonary functional changes. 40-60% of COHb can 

cause respiratory failure, coma and death after several hours, while 
| 65% it cari cause rapid death. 


0.12. What ìs the chief 


above 


arenl | 
ause | 


function of haemoglobin ? Inhalation of CO 
leads to break up of haemog 


toglobin. Explain why ? 
; tion of the haemoglobin of red blood corpuscles 
1s to carry oxygen by forming oxyhaemoglobin. 
—_» Hb+0,,Hb0,0 
ì 9,0F O,Hb 
When carbon monoxide is inhaled, it 
streams, It reacts with the oxyhaemoglobin, dis 


— Ans, The main func 
(R.BC) 


of carboxy haemosglohi 
globin x the 
for haemoglobin is 250 nici the oxygen, because 


n co oelobin has an èquilibrium constant © 
i i of formatio Place a considerable am 
CANTYINE Capacity of haemoglobin, n of COHb 


vi. Bette polluti S and Basoline fed I.C. engines ar ja 
pollution-from Utomo) po Siderable efforts are made to reduce? 
©) Mogifizi as - 
- > eMOn of in ! 
a ar ed dg ; i cop usi Engines to reduce the amou!! 
he combustion process, s Da net System Teactors which will compl!" 


$ greater than that of oxyg©” | 
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(iii) Development of substitute fuels for gasoline which will yield 
ii i 
- Ilutants upon combustion. Natural gas in both 
tration of po 
jJow. concen 


ssed (CNG) and liquified forms (LPG) has been used as fuel. 
‘compres 


(iv) Development of pollution free power sources to replace the 
| combustion engine, e.g., steam, electric and gas turbine engines. 
interna 


0.14. Discuss sources, control and harmful effects of primary pollutant 
hydrogen sulphide. | | 
Ans. Hydrogen sulphide_is produced by the reduction of sulphur. It has 
ns. i I | 
tten egg smell. It is not toxic in low.concentration but higher concentration 
“i * n "1%. n FAL 
n ve 10 ppm may be toxic. HoS is not stable and readily get oxidised in air. 
abo | 
Sources — Hydrogen sulphide is a biological waste produced from 
anaerobic bacterial decomposition of organic matter in the soil. It is also 
produced as a by-product of reduction of sulphur from mineral deposits. 
Ì | ation and animi atter, volcanic 
Sources of HS include decaying vegetation and animal matter, vo 
eruptions; coal pits and sewers. 


Control — Main source of hydrogen sulphide are mines from which il 
can be removed by absorption or scrubbing. Commonly used absorbent for 


i ic ic salts of sodium or 
HpS removal.are ethanolamines and carbonic or phosphoric salts of 
potassium. 


Effects — The repeated exposures to even low concentrations has segna 
effects on the mucous membrane, eyes and respiration system. High 
concentration of HyS due to accidental leakage can cause death too. 

0.15. Discuss sources, harmful effects and control of SO, pollutanis 
in air. 
» E X , “mxide 

Ans. Oxides of sulphur, i.e., sulphur dioxide (SO,) and sulphur sigla 

: icAC STAT ONn- 
(SO3) are probably the most serious air pollutants. SO, is a colourless, n 
inflammable and non-explosive gas with a suffocating pungent odour. 

Sources — 
pe total SO, po 
In Industries an 

Effects 
diseases, parti 


Natural sources of SO, are volcanos which provide 67% À 
llution, while man made sources, such as combustion of fue! 
d transportation contributes 33% of SO, pollution. i 
SO; isa highly irritating gas which can cause chronic ct 
cularly bronchitis and pulmonary emphysema. SO; ii 
cough Pharyngitis, eye irritation and headache. SO, is also associate 
lung cancer, heart diseases and diabetes mellitus. [caching 
apt SO, also affects Plants and various materials. SO, can gear N casbie 
Est pp a eso, SO, attacks various maroste ec 
of zinc . Per, textile, leather and building. It is also respo! SIL 

° ’OPper and aluminium. It can also cause acid rain. 


i rer_roAe—"e"© €«€C©CS 


spa from 
ari pece Of energy such as natural gas. 
of 0; from five gases can be done by passing them 
slurry of limestone (CaC0;) which absorbs SO, quite efficient]y 
a slurry ot Himestone Vit 
Mroggh aS 2 '°.32CaS04#200 1 


Aidrocardai do di a here ? Write the harmful effect of NO, and 
hydrocarbon, How these are controlled ? (R.G.P.V., Dec. 2015) 
Ans. Air Pollution - Refer Q.1. 
NO, Pollutant - The oxides of nitrogen involved in air pollution denoted 


by NO, are N,0, NO, NO,, N,0; and N0s. Of these nitric oxide (NO) and | 
nitrogen dioxide (NO) are the major pollutants. Nitric oxide is a'colourless | 
and odourless.gas, while nitrogen dioxide is a reddish brown gas having a | 


pengent suffiocating odour. About 95% of nitrogen oxide is emitted as NO and 
the remaining 5% as NO, n 


NO, in A Pemtey i decomposition of organic matter releases 
I also prodbcedin cile * he i form of NO. Small concentration of 
__induted NO, produced by w pi by the action of cosmic rays. Human 

, Bang nitric acid; emissions i mm ustion of fuels, industrial processes 
welding.... m electric utilities, mining and electric are 


oxide (NO) isa relar: 
Oxygen camvinet  PONOxide, cn arelaivly inert gas and moderatel 
NO; hs PV Of thebiond NO ha ih haemogiobinito redic 
De ha effects no damaging effects on plants. 
‘Ro NO, about ci human health, as comparéd to NO. 
inflammation of] CS While 50100 Mm Increase Tesistance of lung5 
DIR con nd concen PPm concentration can caus? 


O; are mori -* POducé SVer 150 ppm can be VE 
(i) Contro: ata] to der Photochemical reaction 
Power plant emissions «0318 mai 8 plants. 
( Missions, it can ny 8enerateg 1 
nera Controlled py om Vehicular exhaust 20° 
SNO, cad be geo lowing methods — 


0) Effecls-NO, are th 
i N Ni ide NO Ost abundant air pollutants (rex 


talvi; Eases, Water or steam. 
°° ‘*©OMmposition, 


(= 


è. 


"Rig | ppm by using 
Q.16. What-is air pollution:? What are the sources of NO, and | 


“ereased by decreasing !!° 
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emoved from stack gas by chemical absorption 


canber | 
pen "Ei rine solutions or sulphuric acid solutions. NO is 
Spe N,0; which can be easily absorbed. 


(d) NO from the stack gas can be removed by catalytic 
XK 

with CHy, NH3 and CO. 

Spark retard is an effective measure to control NO, and 

level from 5000 ppm can be lowered upto 1000 


employ ; 
converted into 


reduction of NO 

(e) 
hydrocarbon emissions. NO, 
this technique. 
(£) Catalytic exhaust reactions can be used to eliminate nitric 


oxide from vehicular exhaust. 

Hydrocarbons — Hydrocarbons are organic compounds which contain 
only carbon and hydrogen. Most.of the major chemicals in gasoline and other 
petroleum products are hydrocarbons. 

(i) Sources — 85% of total hydrocarbon emission is from natural 
sources like geothermal areas, coal fields, natural gas from petroleum fields 
and trees. Only 15% of the overall hydrocarbon emission is due to human 

| activities from automobiles and industries (particularly oil refineries). 


(ii) Effects - Hydrocarbons are generally not toxic, but inhalation 

of their vapour can.cause irritation. Hydrocarbon along with the NO x produces 

| photochemical smog. Hydrocarbons at concentration above 500 ppm have 
careinogenie effects on lungs. Aldehydes, acrolein, peroxycyl and benzyle 

; Ritrates are strong eye, nose and throat irritants. Methane and benzpyrene 


| Smitted from gasoline exhaust, can cause narcotic effects in absence of oxygen. 
(iii) Control — 

chronic Secondary pollut 

‘| Can be used to control h 


| condensation and substi 


Hydrocarbons are responsible for the formation of 
ants such as PAN, O,, etc. Various methods which 
ydrocarbons are incineration, adsorption, absorption, 


tutton. The end products of these processes are CO), 


NO) id organic ì 
particul ; 
soluble pro ducts, e.g u matter which settles down on ground or water 


o hydrocarbons from tds and aldehydes, which are washed by rain. Emission 


‘ COnvertors, automobiles can be controlled by using catalytic 
0.17, Ex. ° 
RIA * Explain sia 
living beings, four major air pollutants and their consequences on 
Ans. Fou . (R.G.P.V., Dec. 2017) 
Ans. Four major 4: .G.P.V, i 
eit sources avù ea Pollutants are CO, SO,, NO, and Hydrocarbons. 
; 0.18. L quences are discussed in Q.10, Q.11, Q.15 and Q.16. 
ormatj re partic È 
| Meo, niates ? Classify them according to their mode 0f 


oe "i Particulate refers t (R.G.P.V, June 2011) 
e SUspended Se atmospheric substances that are not gases. 
Pets or solid Particles or mixtures of the two. 


Engineering (It-Sem.) 


114 Energy & ©. __wedof inert or extremely reactive Materials rg | 
Particulates can De 00 ‘190,001 um. The reactive materials found in "gi 
in size from:100 por chemically with the environment or could be f; N 
particulates may react ssîals do not react readily with the environment 4 > i 
pine orphological changes as a result of combustion or ai 


SP? iues can be classified as follows — 

Parte o ‘ Dust - Dust is made up of solid particles larger than thy 
found in the colloids and are capable of temporary suspension in air or of, 
gases. Their size ranges from 1 micron to 1000 microns. They are fom 
either by natural disintegration of rock and soil or by the crushing, grinding; 
blasting of organic and inorganic materials such as coal, stone, cement, woi 
etc. 


{îî) Smoke - Smoke particulates are formed during incomplet 

- combustion of carbonaceous materials. Smoke contains fine particles of si: 

ranging from 0.05 to 1 micron, which can be liquid or solid. Smoke ak 

includes gaseous pollutants like oxides of sulphur, oxides of nitrogen, carta 

monoxide and hydrocarbons, etc. It may have different colours dependir 
upon the nature of material burt. 


.°.. -{f) Mist — Mists are liquid particles and droplets formediby 
Congo Yapour, or by the dispersion of a liquid or by a chemio 
cita z particles in mist is generally less than 10 pm. 

(%) Fox — When the concentration of mistibecomes high eno) 
t.1s called fog. Fog is formed* during inversiti 


«to reduce visibility, then i 
dn; of air at ground level falls below the dew. point of wa 


Vapour in air, 


(+) Fumes — Pumes ave ct 

n roma release So particles of the size of about 01} 

< (VÎ) Aerosols cn chemical or metallurgical processes: | 

such minute size (0.1 uto "io is a particle of solid or liquid pater” 

-Thesofide a remain sugpended in the atmosh 

cher regular shapes pui ES May exist in the form of spie.) 
; Pes but liquid particles are generally sphe” 


i gl 
è, 
>, 


ira pet 
Ri ‘effects of particulates in the atmospl 
sii 
re’ 


tia-and 
eas and o Sanie ash arises due 10 “fil 
dr NS, winds, storms, P° i 


n Ce 
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Anthropogenic or man made SOUrces are combustion of fossil fuels, thermal 
power plants, mining and polishing industries, production of pesticides, 
fertilizers, textiles and chemicals, construction of buildings, roads, dams and 
bridges, automobile exhausts, etc. 

Effects — The effects of particulates depends largely upon their size. 
Particulates greater than 10 um in size settled out due to gravity of earth. 
Particulates larger than 5 pm are trapped in throat and from which they can be 
easily eliminated. But particulates of size about 1 yum can enter deep into the 
lungs, and damage lung tissues. These particulates lodged in lungs can cause 
severe breathing troubles. Coal miner’s black lung disease, asbestos worker's 
pulmonary fibrosis, cement factories workers silicosis disease and emphyseme 
of urban people all are caused by the accumulation of fine particles in the lung 
capillaries. Lead particulatés can cause detrimental effects on children brain. 
Traces of mercury cause nerve damage and death, while arsenic create acute 
and chronic cancer. Particulates such as pollens, yeasts, animal fur, feathers 
or hairs'and finely divided industrial mists can cause allergies to sensitive 
persons, especially on asthamatic persons. ‘ 

Aerosols deposited on plant leaves can reduce the photosynthesis and 
plant growth. Animals who eat plants coated with particulates, such as lead. 
arsenic, etc. can cause ill effects. Particulates such as soot, dust, fly ash. 
fumes, mists, etc. can cause soiling of clothes and paper, corrosion of metals, 
erosion of buildings and discolouring and destroying of painted surfaces. 


0.20. Define smog. 


| Ans. Smog is a harmful mixture of smoke (particles of size 0.5 to | 
RETTE formed by incomplete combustion of organic materials) and fog. 
0g can be coal induced or photochemical. Coal induced smog is formed by 


the c "nt i 
slu RAT of coal smoke (which contain SO) and water which forms 
phunc acid mist. This is of reducing nature. 


Photochemi 
ent smog on the other hand is a mixture of reactants and 
Miao to from the interaction of volatile organic compounds and 
as NO,, 03, CO, etc. This is of oxidising nature. 


.21. Wri 
0.21. Write short note on — Photochemical smog. 


(R.G.P.V, June 2007, 2013, Dec. 2017) 
va ni smog is formed by the combination of coal smoke 
2) and water which forms sulphuric acid mist. This is of reducing 


Ans. Coal ind 
(contains SO 
Nature. 


i e 
damage Plants. 


POungy i 


lochemical smog. Components of Photochemica] sm 


d: 


Perozià 
(0) SI RA ; i i yl Nitra 
(PAN), peroxy benzoyl nitrate (PB,N), péracetic acid (CH3CO 00H), ace 
peroxide [CH:(C0)00(CO)CH;], ethylhydro peroxide, and tertiary Dutyl hyky 
peroxide [(CH3);00H], at 
“ln a simplified form photochemical smog can be represented by followin 
equation— | © © TISTE 
ia Sunshine A 
HC's +N0, —- Photochemical smog 
Q.22. Discuss the 
atmosphere ? 6R.G.P.V.,, June 2014 


ni SFERE i s mainly form ; ition® 
nitrogen dioxide which occurs in ion Sa i 


ci O+0, Mio: dii | 
Where M is a third mol cir ia 


ecule 5 È 
Excess energy from the Pai atmospherie IN; ot 07) that absorbs È 


po a Photo], tic does not cause a net increase IN NO 
effect. But, automobile Re i 0% disturbed there will be no undes!!” 
d Mpounds, The a d4 emits a large amount of CO, HC5 + 
oxidants such as O; PAN 2° i No, Photolytic cycle and forms vasi” 
3. SOT CONStituents of photochemical 5 


mot j 
è 


photochemical smog. How is it formed în ih 
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03+hv—0*+0, 
+ . 
+H.,0O — 20 
o 2 (Hydroxyl radical) 
CO+0H"° — CO, +H° 
H+ O, —- O OH" 
O00H°+NO NO, + OH" 
RCHO.#0H"° — RC(0)° +H,0 
(Aldehydes) 7 
RC(0)° + O, — RC(0)0," 


RC(0)0," +NO, — RC(0)O,NO, 
(PAN) 
RC(0)0,” + NO — NO, +RC(0)O° 


RC(0)O" + O, — RO,” + CO, 
RO, +NO RNO, 

(Alkyil nitrate) 

RO," +NO — NO, + RO" 


RO"+0, — RCHO +00H° 
(Aldehyde) 


RCHO + hv — R° + HCO" 
HCO" +0, —> CO +00H° 
(Carbon monoxide) 
The end product of these photochemical reactions are 03, PAN, aldeh 
alkyl nitrates and carbon monoxide. 
0.23. Describe the photochemical smog. Under what conditions it 
developed ? Enumerate the adverse effects caused by photochemical sì 

(R.G.P.V, Dec. 2 

Ans, 


Photochemical Smog — Refer Q.21. 


Development of Photochemical Smog — Refer Q.22. 
Effects of Photochemical Smog — 
Ra (i) On Human Health — Ozone and PAN present in smog s 
ca ation of the €yes, nose and throat. Higher concentration of vu 
ee dryness of throat, inflammation of air spaces of lung n° ipo 
na Primary photochemical pollutant, i.e. NO, pr ds pulmo 
sstorfoe cause reduced visibility, nose and eye de heart, lungs 
eyes. ui agi < also causes several chronic duras Di re noci n 
itritatino Ate hydrocarbons conductive to smog formati use damag 
INg to mucous membrane and their inhalation can ©4 


ci WR owerful eye irritant. It ; 
ea: Peroxy] benzoyl nitrate (PB}N), 15 8 DC xt is 
n 100 musa more toxio than PAN and 200 times more powerful than 


‘{il-Sem.) 


maldehyde, ti iii 

‘Photochemical smog at very low concentration of 
sut 0.01 ppm can cause injuries to petunia, lettuce, citrus, pinto bean, salad 
ps and coniferous trees: PAN cause silvering of leaves and death of forest 
es. Exposure of 4 ppb of PAN for 4 hours can cause chlorosis, leaf abcission 


d curling, etc, It also cause cracking of rubber trees. 


Ozone reduces the effectiveness of plant photosynthesis as well as the 
altiplication of photoplanktons. It also cause premature aging, suppressed 
owth. necrosis, bleaching and collapse of leaf. Due to its strong oxidising 
ture ît readily oxidises paints, textile fibres, dye and elastomers. Cracking of 


bber tyre due to oxidation is a common phenomenon. 


0.24. How photochemical smog can be controlled ? 
Ans. Photochemical smog can be controlled by controlling the amount of 
0, and hydrocarbons, which are responsible for formation of 03 and PAN 
i photochemical smog. Following methods can be used to control hydrocarbon 
missions — 
anna (ii) Adsorption (iii) Absorption (iv) Condensation. 
î ion — 
nai ao Hydrocarbons may be completely oxidised into 
2 RW, $ a flame, in a flame after burner. Catalytic after burners 


nay also be used to oxidise hydrocart 
ower efficiencies. xidise hy ons at lower temperature, but they have 


(ii) On Plants — 


* (@) Adsorption — n thi 
ed of granular adsitbo; a ca exhaust gases are passed through 
isting of activated carbon (usually charcoal). 


.. (i) Absorption - MES: 
ssolved hydrocarbons is de method scrubbing liquid containing 
e exhaust gases then passes on, leavima ie POI With exhaust gases. 
ubbing liquid. v‘Caving the hydrocarbons trapped in the 

(îv) Condensation= Hydrocatia. 

è int n — Hydrocarbon 3 “ 
ow temperature and collected. These pero cr Are condensed into liquids 
ni si ; Se liquid hydrocarbons can be 15° 

ve four method are efficient e. 

se "76 “000 are efficient for 4 

xidisin Li Reni emission Ghvo e HC°s from stationary 

perda yst would convert CO and hvd convertor have to be US?" 

ig catalyst would convert NOj HE rarbons to CO, and water 
SANTA & ; 


Db. JK 


aesthetic beauty. 


‘ fo 


; lainis sat 3 
causing intangible loss to the objects of art an 


ili 


- life.It lea che 
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.25. Discuss effects of air pollution on vegetation, materials < 


Ans. (i) On Vegetation — Plants absorbs CO, from atmosphere for 

photosynthesis. Along with CO, they also absorbs various air pollutants si 

as SO; NO,, 03; fluorides, PAN, ethy lene, NH,, smog, herbicides, pesticic 
ffects of these air pollutants are as follows — 


etc.-The harmful € 
(a) SO, can cause bleaching of leaves and necrosis. 


(b) O; can cause premature aging, suppressed growth, necro; 


bleaching and collapse of leaf. 

(c) NO, also cause bleaching of leaves and suppressed grow 

(d) Ethylene cause leaf abscission (dropping of leaves), le 
epinasty (downward curvature of leaf). 

(e) PAN causes silvering of lower leaf surface. 

(f) Dust, smog, etc. reduces the amount of light reaching t 
leaf, they also affect the intake of CO, by clogging the stomata. 

. (ii) On Materials — Air pollutants can affect certain materials t 


| corrosion, abrasion, direct or indirect chemical attack. Some important effec 


of air pollution are as follows — 
(a) SO, and NO, can dissolve in rainy water and get converte 


È into H,SO, and HNO,;. Deposition of these acids corrodes the metal part € 
building roofs, railway tracks, bridges and other structures. 


(b) Acid deposition also deteriorates various building material 


Such as marble, limestone, mortar, etc. 
(c) SO,, H,S and O; can damage protective coatings and paint 
of the surface. 
; (d) PAN and O; can cause cracking of rubber tyres and electrica 
Insulation. 
(e) SO, can disintegrate leather and make paper yellow mne Ha 
(f) SO,, NO, and O, can deteriorate textiles and fade their colours. 


Le 38» O 
° (iii) On Aesthetic Beauty — Air pollutants such as SO2 and NOx 


ca i « This acid 
Tms acid when get dissolved in rainy water and forms acid rain. i 
d architecture throug 


pe nta 
oa, Damages by acidic rain to world”s most tresur o si 
ia or, such as in Rome, Venice, Athens, London, Oxford\aP 
>» Ae quite visible. Da 2a 
i o e. 
(a) Acid rain has deteriorated the Taj Mahal, Belur Temp 
leopatra’s needle and many more monumenti. . sail 
L RT 2 E res 
(b) Acid rain is also responsible for damag© E - and K, 


various nutrients from soil such as Al. Ca, M&» 


tue 


aquatie 
which 


‘trachea. Peroxy! benzoyl 


giù o s ia ing. {ii-Sem.) 

Environthé — itate EB sN); is a powerful eye irritant. li 

Snai ie than PAN and 200 times more powerful] than 

about 100 times Mi sf Crisi ja 

formaldehyde. ST at very low concentratio 
(i) On Plants = Photochemical smog N of 


en RA nia, lettuce, citrus, pinto bean, sal 
about 0.01 ppm impo afoso jon ct of leaves and death of for ” 

and coniferòus trees: PAN cause silvering i L- 

a n ure of 4 ppb of PAN for4 hours can cause chlorosis, leaf abcission 
si casio etc. It also cause cracking of rubber trees. 

Ozone reduces the'effectiveness of plant photosynthesis as well as the 
multiplication of photoplanktons. It also cause premature aging, suppressed 
growth, necrosis, bleaching and collapse of leaf. Due to its strong Oxidising 
nature it readily oxidises paints, textile fibres, dye and elastomers. Cracking of 
rubber tyre due to oxidation is a common phenomenon. 


0.24. How photochemical smog can be controlled ? 


Ans. Photochemical smog can be controlled by controlling the amount of 
NO; and hydrocarbons, which are responsible for formation of O; and PAN 


) a eration (i) Adsorption (iii) Absorption (iv) Condensation. 
Cora vl bui pi ydrocarbons may be completely oxidised into 
may also be a, n h I “ nai ame after burner. Catalytic after burners 
lower efficiencies. i ons at lower temperature, but they have 


(0) . 
Can then condensed 7 Passing steàm throughithe system. 
tato liquids and use again. 
s L l 

The exha is brought i Scrubbing liquid containing 
. UST Bases then Passes son ©ONtact with exhaust gases. 
Scrubbing liquid. On, leaving è) 

i ‘9° ydrocarbons trapped in the 

(iv) C | 


11) 
* e 
again. and 


] mn a to | 
Ydroc "I 
collected, Te apo are condensed into liquids 
‘ quid hydrocarbons can be use 
Od are efficient 
entiforraa. 
€mission ca educing HC°s from stationary 
sti ind } i ©OnVertor have to be used: 
Would convert NO, LN Pons to CO, and wateS 


Mai È 


Environmental Pollution 11 


0.25. Discuss effects of air pollution on vegetation, materials ana 
aesthetic beauty. i 
Ans. (i) On Vegetation — Plants absorbs CO, from atmosphere for the 
photosynthesis. Along with CO, they also absorbs various atr pollutants such 
as SO,, NO,, 03, fluorides, PAN, ethylene, NH,, smog, herbicides, pesticides, 
etc. The harmful effects of these air pollutants are as follows — 
(a) SO, can cause bleaching of leaves and necrosis. 
(b) O; can cause premature aging, suppressed growth, necrosis, 
bleaching and collapse of leaf. 
(c) NO, also cause bleaching of leaves and suppressed growth. 
(d) Ethylene cause leaf abscission (dropping of leaves), leaf 
epinasty (downward curvature of leaf). 
(e) PAN causes silvering of lower leaf surface. 
(f) Dust, smog, etc. reduces the amount of light reaching the 
leaf, they also affect the intake of CO, by clogging the stomata. 


(ii) On Materials — Air pollutants can affect certain materials by 


. corrosion; abrasion, direct or indirect chemical attack. Some important effects 


of air pollution are as follows — 


9 (a) SO, and NO, can dissolve in rainy water and get converted 
into H,SO, and HNO;. Deposition of these acids corrodes the metal part of 


- building roofs, railway tracks, bridges and other structures. 


(b) Acid deposition also deteriorates various building materials 
Such as marble, limestone, mortar, etc. 


(c) SO,, HyS and O, can dama e protective coatings and paints 
of the Surface, 2a Ù 500 a 


(d) PAN and O; can cause cracking of rubber tyres and electrical 
Insulation. 

(€) SO, can disintegrate leather and make paper yellow and brittle. 
(f) SO, NO, and O; can deteriorate textiles and fade their colours. 


forms a Se On Aesthetic Beauty — Air pollutants such as SO, and NO, 
rain is 53 When get dissolved in rainy water and forms acid rain. This acid 
the Miani Intangible loss to the objects of art and architecture throughout 
buildings Pa cu by acidic rain to world’s most pu monumental 
ui in Rome, Veni \and even in 
India, are quite visible, enice, Athens, London, Oxfor: ui 
of Liberty CI (a) Acid rain has deteriorated the Taj Mahal, Belur Temple, Statue 
> —leopatra’s needle and many more monuments. 
DI Acid rain is also responsible for damage of forests and aquatic 


life. It le 
aches Various Nutrients from soil such as AI, Ca, Mg, Fe and K, which 
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i ea . Due to acid 1: 
SS “a seen and.damages their root system Tains 
* afffects the plant quia or "a Germany, Switzerland and Sweden are 
dead or dra below 4.5 increases the acidity of rivers, jay, 
— Acidrain having pi VameoStt n thal to fishes, bacteria and bj 
I Ti i lee is highly. le ve 
and streams. This acidie water 19 ; SEO 
green algae. io Renoir 
. stmospheric self cleansing processes. 
0.26. Explain atmospheric self p 


Ans. Air is never fourid absolutely pure in nature, besides various 
anthropogenic activities, there are several natural activities causes air pollution. 
To reduce the concentration of these pollutants atmosphere has Several natura] 
built in self clearising processes. Various mechanisms which works in nature 
are dispersion, gravitational settling, flocculation, absorption, rainout and 
adsorption. | DS i 

Dispersion caused by wind decreases the concentration of pollutants at a 


menon is known as Washout or scavenging. 
“micron particulates servé as 


DI ‘o remove the natural pollutants 
sNSufficient, due to a large amount 
es. Ù s 
trol air pollution... 2° cadipnal control measure 


Air pol | È Ilea (R.G.P.V, Dec. 2017) 
©. Dispersion Gi) Diigue Gi e following four techniques - 
(iv) Using controlling devi. aid uetion at source 

0 SQUipments, 


Environmental Pollution 12 


(i) Dispersion — Air pollution can be controlled by dispersion © 
the source of air pollutants, through allocation of land, .e.. by proper planniny 
and zoning of industrial areas. Zoning of industries may be based upon thei, 
function and/or performance. i 

(ii) Dilution — By using tall stacks and chimney for industries or 
thermal plants, pollutants can be discharged ata sufficient height from the ground. 
At heights air movements are high, which can disperse the pollutants over a 
large area in less time, thus dilutes the concentration of pollutants near the source. 


(iii) Reduction at Source The most effective Way to control air 
pollution is to reduce.air pollutants at source. This can be achieved by — 


(a) Substitution of Raw Material - By using fuels having 
low amount of pollutants can.reduce air pollution. 


tb) Modification in the Process — Using new or modified 
procedure can reduce pollution to a great extent. For example using hoods and 
ducts.overindustrial oven can allow recovery of various solvents which could 
pollute the air. i 


(c) Alteration in Particular Equipment — Modification of 
equipment orits repair or maintenance can also reduce air pollution. For example, 
automobiles emit more exhaust as they become older, this can be reduced by 
their proper maintenance. 


0.28. Name various devices used to control particulate components. 
Explain any one of them in brief. 


Ans. Various types of devices used to control particulate components can 
be classified as — 


(1) Internal Separators (ii) Wet collectors (iii) Electrostatic precipitators. 
i; They work on the principle that when the particulates moves through a 
Teglon of high electric potential, they get charged and then they can be attracted 
{0 oppositely charged area where they are collected and removed. They consists 
of a series of Plates between which a high potential of 50000 V is produced. 
Due to high voltage a large number of electrons get produced which bombard 
On gas molecules making them positive and negative charged. Positive ions 
get attracted towards negative electrode from where they acquire more 
srectrons. While Negative charged ions combines with dust particles making 
Sa negative charged. These dust particles are collected at positively Da ged 
°s. When this layer becomes 6 mm thick they can be removed by producing 

a Sharp gap. 
te tati Precipitators are capable of cleaning 150000 litres of gas per 


o, ; size with 
efficiency of Sn of 600°C. They can clean particles of 0. 1um s 


5 Lui available for control of Baseoy, 


vii r P 
4 x LZ " 
ASPICSESIO 
Ju 


di ee ili trol are SO_ N 
on ‘’soncemi in air pollution con x» NO. 
i prio soa ic acid gases: Four primary technique; 
used to control tese: gaseous pollu ” iii) Condensation (iv) Combust: 
“A YAbsorption: (iii) Conde Ustion, 
i se) ‘adsorptiori a stream of effluent gas is Passed 
6: 


through a porous solid material (called adsorbent). The surface Of the POrous 
solid material attracts aid hold the gases either by physical or chemica] 
adsorption: In physical adsorption gases and vapours get condensed on 
surface of solids at-temperatures above their dew point. In chemical 
adsorption, the contaminant gas molecules form chemical bonds with the 


adsorbent. Some of the widely used adsorbents, along with their major use 
are given below intable 4.1 

Table 41 Adsorbents Used to Control Gaseous Pollutants 
Adsorbent 


Activated carbon 


For eliminating odours, purifying gas, 
and recovering solvents. 

For drying air, gases and liquids. 

For treating petroleum fractions, and 
drying gases and liquids. 

For decolourizing “SUgar solutions. 


For refining Vegetable oils, animal oils, 
fats and waxes. 

For controllin 
ST. -| and NO 


i}: Activated alumina 
i) { Bauxite 


Sand recovering Hg, SO, 
È. emissions, 


i I — 

a st i : 

Li - Tbers can be of on containg the adsorbent are called 
ci sd (©) adsorber ba dm turate , ’ Moving or fluidized bed types 
Solvent ord or “eblaceg, orption :.. OTbate, then the adsorber !5 
Processes Pini dry te ing ih, ped to handle emissions froM 

«Itcan Ren DI al-foi*:) i ; 
Plastics, ribber SO be usedty : - ‘-foil Coating and paint spraying 


d Various sO ©missio 
lous Other industries Ns of chi 
o IN aber 
iania TP tion {| i 
uid cale dare effluent Bas is brought in!° 
i ent. The absorbent can remov® 


= 
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dify or treat the one or more constituents of effluent gas. Liquid absorbent 
20 be reactive (chemical) or non-reactive (physical). Sodium 
ih commorly used alkali absorbents. Some other solvents a 
are 
and CaCO;. o 

The amount of gas that dissolves in a liquid absorbent ( solvent) depends 
upon the properties of both the gas and solvent, the temperature of the system, 
n pressure of the gas above the solution, turbulence, flow rate and kind of 
packing used in the unit. 

Absorption is primarily used for control of SO,, NO, 8, NH,, CI, and 
HC°s. Removal of HC”s from polluted air stream by absorption is used in 
many industries such as coffee. roasters, petroleum distillation units, asphalt 
batch plant, etc. Commonly used absorbers for control of gaseous emissions 
are spray towers, plate towers, packed towers and venturi scrubbers. 


(it) Condensation — Condensation of a compound, 


and ammonia 
re Mg0, Cao 


so that its vapour 
ation will occur. 
air pollution control are 


The condensed vapo 
Storage. 


In contact condenser 
contact. The cool 


Y used for control of hydrocarbon vapours. 

Though combustion is a major source of air 
0 convert CO and HC's into innocuous CO, and 
quipment is so designed that oxidation reactions 
completion, so that a minimum of unburned 


I (iv) Combustion _ 
Pollution, It can also be used t 
Water. For that Combustion e 


are as close as possible to 
COMpounds are left. 


ame i “pon the contaminant to be oxidised, combustion can be direct 
im direci 0 thermal combustion, or catalytic combustion. RE 
COmbustor, van Combustion, waste gases are burned di a 
©quently a sa Without the addition of auxiliary fuel. This do » br 
COmbustible gaseon chemical Plants and refineries. When concentra i ja 
Method w Us pollutants is too low, thermal combustion is used. In : 
Preheated by using a heat exchanger. The preheate 


© gases are 
N directed to a combustion zone equipped with a burner and 


Sg fuel. Catalytic combustion is also used When { 
inthe waste gas are too low. In this method a ca 


the rate 


0,30. What is water pollution ? 
Ans. Water pollution may be defined as, “alteration in physical, chemical 
and biological characteristics of water which may cause harmful effects on 
human, animals, plants or aquatic biota.” 

Natural waters never pure in chemical sense. It contains v 


x 5I arious impurities 
Such as dissolved gases (H,S, CO, NH3), dissolved minerals (Ca, Mg, Na 
Salts), suspended' matter (clay, silt, sand) and even mmicrobes. These natural 
Impuntes are in very low amounts 


031. What Man, animal and aquatic life.” 
. are . 
Ans. Water ring "aler pollutions Ping; (R.G.P. V.; June 2014) 
ua ON can be of following four types 
. .o cal Pollution _ pry vw 
> ange inits colour odour Physical Pollution Of water corresponds 
ater is changed due Idity and thermal ropeitisilff Colour 
Odour may produced; e of coloured ing. OP d 
CP T due ed industrial Waste. Taste an 
29, € onne, phen Is d Prese to) ‘various galts 3 nese, 
from colloida] Matter, fine Its, iron, mang 


Pended N 08: Turbidity of water arises 


due to th (ît) Chemical Pollus; cles and ol erosion. 
di, © presence of or ; nemica] Pollution of water is caused 
INorganic compounds dic Norganic chemié gi = 
COMPounds > Sl$solveg suspénde Such as acids, alkalies, 
boa €d organic and inorganie 
presen (iti) Biologica] Pollution È 
ce of athogenic bacteri O 


ic r 7 i 
fungi, ter Pollution of water is due !0 


Viruses, parasitic worm$; 
Stic Sewage and industria! 


e 
talyst is 
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Luffa a ion — Physiological pollution of water is 

: siological Pollution | i 

.(îv) ar hemical agents such as chlorine, SO,, HS, ketones, phenols, 

caused by sere tans and hydroxy benzene. Chlorination of water converts the 

o a ; or para chloro phenol which tastes like medicine and gives 
pheno! to 


offensive odour. 


0.32. Differentiate between point and diffused sources of water pollution. 
1 (R.G.P.V.,, Dec. 2012) 
| Ans. The sources of water pollution may be divided into two categories — 
| (i) Point Sources - Those sources which can be readily identified 
ata single location are known as point sources. They include industries effluents, 
municipal sewage, severoverflow, raw sewage discharges, ete. Water pollution 
by these sources can be minimized by collecting them at a central location, 
treated upto acceptable limits and reused. 
(ti). Diffused Sources — Sources of generalized discharge of waste 
water whose location cannot be easily identified are termed as diffi used sources. 
They include run-offs from agricultural lands, forestry, mining, construction, 


Water pollution. 


0.33. Define water pollution. What are the point and diffused sources 
of water pollution p (R.G.P.V,, June 2012) 
Ans. Refer Q.30 and Q.32. 


0.34, Differentiate between biodegradable and non-biodegradable water 
pollutants, 


(R.G.P.V, Dec. 2012) 


Ans. Organic pollutants can be divided into two categories — 


(Î Biodegradable (ii) Non-biodegradable 
degrade © Biodegr. adable Organics - The organic compounds which 
very atural environment or man-made environment are 


called bio , . . 
segradab € Organics. Biodegradable organic pollutants include proteins, 
TS, resins, coal, oil and various other organic 


hydrates, polyme 
C and industrial wastes. 


u) -biodegradable Organics — 
ade Natural] 


The organic compounds which 
Y Or degrade at a very slow rate are termed as non- 
They remain in the aquatic ecosystem for a long time. 
Ngicides, herbicides, insecticides, rodenticides, etc. 

8radable Organics are 


toxic and once they found their 
nearby water sources 


can cause a serious pollution 


Crops to 
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dustrial wastes from paper mills and tanneries, waste from slaughter house, 
indu 


r pollutants. t packing plants and food processing plants. They can be either in the 
ibvi by natural and antropogenic processes (such a min Te Ha form or dissolved form. Suspended vegetables such 1s algae, 
“tractional activities) deposites a large amount of Sedin SUSPEn 


i i Mr decayed leaves, fungi, etc., impart acidity, green or brown colour and taste to 
jal effiuents contains various organic and inorganic Partich, 


WALL imals such as insects and dead animals are responsible 
suspe: i aff i -.. SU water. Suspended anima o 
in walet. BIST. nded in water and affects its turbidity, Ri BEE: th of bacteria and even viru. 


È “i iutieafferte taste. odour and colour of water, while bottom Sedim.. 

apatia Tore sediments are deposition of trace sa 

MAST RO, Hg, Cd, Cu, Cr, Mo, Ni, Co, Pb, Mn, etc. 

i i, These SRI solids and sediments reduce direct penetration of Sung 

‘which reduces photosynthesis in aquatic plants and hence decreases { 

dissolved oxygen in water. Toxic metals like Hg, Cd and Pb can attack sup 
bonds in enzymes of aquatic biota and cause immobilizing effect. 


Dissolved organic substances are due to decay of vegetables and animals. 
Such water contains large amount of albuminoid ammonia and large quantity 
of free ammonia and chlorides. This water is ideal for growth of pathogens 
and disease causing bacteria. 

Proteins and carbohydrates, on deterioration give amino acids, albumin, 
gelatin, Keratin, etc. These compounds undergo putrefaction by bacterial action 
and release sulphur and phosphorus compounds. They on oxidation gives H,S 

i 0.36. Discuss various sources of physical pollution in water. Also gi and SO, gases, ‘which in Tulty cause putrid and musty smell in walter, 
their adverse effects. dé; wr Thermal decomposition of fats, oils and glycerol forms various aldehydes 
‘Ans. Physical pollution of water comesponds to the change in its cola such as acetaldehyde, benzaldehyde, formaldehyde, furfural and vanil lin, etc. 
Ji . | These compounds cause odour in water, inhibit algal growth and are toxie t0 
ROLO pini mu thermal properties. - ; A fish and other aquatic animals. dl 
paper site sie n mE O Vaste prodi] Biodegradable organics coming from domestic sewage are rich in nutrients. 
) 5 ey encourages algal growth, which results in loss of all dissolved oxygen 


ed hydrocarbons. Sometimes alga "0 0.38. Differentiate biodegradable and non-biodegradable organics. 
> Cause the taste and odour in wa 


Pei ter. Industrial waste containing Fe, N cus the impact of biodegradable organics in water pollution. 
+ Pee chlorine, rols create earthy ©” Musty taste and odoùr in water, vi A di (R.G.P.V, June 2003, Dec. 2010) 
a Di amc Ea attr algae, fun ‘ bacteria and pathogens impartper  cier Q.34 and Q.37. 
tar . No! i " n a 
get putrefied and si pci of nitrogen, sulphur and Rio” 0.39. Write short note on harmful effects of industrial waste water. 
and anabaena produces a strone e! Water, Biological agents such | (R.G.P.V, Dec. 2014) 
‘Tittidi A f i mg grassy odo al Ans. Industrial effluents disch di a ia ioxte 
er - gi ‘=> IS arti n, ‘ 
FER: Yo Water arises for. colloidal ded pari chemicals; hazarg Ischarge into water bodies cont tn Toxi 
n, Soli erosion. This Water beco . matter, fine suspended dis toxie acida 0Us compounds, phenols, amines, metallic wastes, plasticizers, 
uses, because it contains F mes unsuitable for domestic and ind!” 


© acids, corrosive alkali i ioci ids 
it cc c i e nonebiodat TOS alles, oil, grease, dyes, biocides, suspended solids, 
Stam on clothes, ‘sinks and baths sO Ni, Pb, Sb, Bi, etc., which ped” lodegradable Matter, radioactive waste and thermal pollutants, etc. 
si The cooling x te usedin tai This Water may also contain me biologica] i ii uents when discharged through sewage system, poison the 
Ischarges tnùtiised heat into de ca Wer plants and nuclear pe ( Problemg Phnification mechanism of Sewage treatment and pose several pollution 
ie. Sala a T Which causes the depletioN but all of e ui various pollutants to aquatic environment is variable 
0.37. Describe Mei ora N a © aquatic organi "taminate on bottom of water system where they poisons 
Rag A biodegradabile organic in water. D, Pentachioro p na ù S. Industrial effluents containing methyl mercaptan and 

Aris. The most affi (RIG.P.V, JUN} alight penetration, 1 ‘e Photosynthetie rate of aquatio plants by hindenng 
co pi ins” as D Isinfectants added in water to kill algae and bacteria 


Mmon biode ns” Ma ; 

c GA E ; I Y persists ; 

arbohydrates, They ‘are introdhic atta Organics are fats, prote il RES E In water bodies and may cause mortality of fish, planktons and 
éd 0 the Water through domesti? ‘ ns. Toxic Metals like Hg, Pb, Cd, As snd Noi death of aquatic 


ta; Engineering (ill-Sem.) 
gal y severely alter the aquatic ECOSYStOm 


bit cir organic and inorganic water POllutay " 


(R.G.P. V, Dec. 01 20, 
Describe organic and inorgan ic water pollutants and their adverse 
ti Ri | i (R.G.P. V, offer, 


‘ s dd! i Dec, 201; 
“Ans. Water pollutants can be divided into two major categories _ 


(i) Organic pollutants (ii) Inorganic pollutants. 

(è) Organic Pollutants — Water pollutants composed of orggj 
compounds are called organic pollutants. Our main foodstuffs (e.g. fats, prote: 
and carbohydrates), a number of materials and substances necesssary fi 
modem liviag (e.g. cotton, rubber, petroleum, antibiotics, etc) are orgzi 

Organic pollutants enter into the water system through domestic sewar 
industrial waste from paper mills, waste from slaughter house, meat packit 
plants, food processing plants, run off from crop lands and decompositi 

products of organic compounds. » 3 

Organic pollutants impart taste, colour and odour to the water and promo 
conditions conducive for the growth of bacteria and viruses. 

‘ Organic pollutants may de categorized as follows — 
| (a) Natural Organic Pollutants — They came in' water fi 
breakdown of naturally occurri è leavo 
‘ ng organic compounds, such as decay of lea 

Plants, dead animals, etc. Vari è 3 jp 

releasing Opbanic comma S 1YPes of aquatic plants, ‘Mmicro-orgar i 

2° compounds into a water body through their metabe\ 


ns a large num 

a) lia ber 
(used as sOIVEn), pesa i orde (used as fi 
industrial proc ses ( ve Berbicides and many other chemicals 
these chemicals.are to 3 ethyIbenzene, styrene and toluene). 


dioxins, which cam cas, — Pl8Nts, ani 
" CAUSE cancer 
© als 


n © comes in this cate 
SD B0ry. gi 
rara sa micro orga Pollutants - Polluted water con"; 
Iminths. Most Of these Uch as b al 
humans, they 
pathogens. 


acteria. vj a, alg?® ; 

are no » Virus, protozoa, #9 

are called Pattogeng ml but some can cause sichi pe 
STU faceces are main source ° 


_ 
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(d) Oils — Oil is a naturally occurring mixture of thousands of 
different hydrocarbons and thought to be originated from vast deposits of plants 
and animals burried deep in the earth for thousands of year. The sources of oil 
pollution are oil spills during transportation, leakage from oil pipelines, losses 
during off-shore exploration and production of oil, sewage containing oily contents, 
etc. Oil pollution reduces light transmission through surface water and hence 
obstructs photosynthesis by marine plant and reduce D.O. level of water bodies. 


(ii) Inorganic Pollutants— Inorganic water pollutants include salts 
of inorganic materials, metallic compounds, mineral acids, organometallic 
compounds, poly phosphatic detergents and finely divided metals. They are 
mainly derived from industrial wastes. They make water toxic and unsuitable 
for any kind of use. 

Inorganic water pollutantsmay be categorized in following categories - 

(a) Acids and Alkalies — Industries manufacturing 
hydrochloric, nitric, sulphuric and phosphoric acids, sulphur dioxide, oxides 
of nitrogen, chlorine, ammonia and bases of sodium, potassium or calcium, 
etc., discharge a huge amount of acids and alkalies in water system. These 
acids and alkalies destroy the bacteria and other micro organisms in water, 
thus affect its self purification capability. 

(b) Toxic Inorganic Compoùnds — These are derived from 
industrial wastes of industries producing fertilizers, coke ovens, gas liquors, 
alkalies, etc. They includes salts containing anions of carbonate, acetate, nitrate, 
nitrite, fluoride, chloride, sulphate, phosphate and sulphides of. copper, cadmium, 
zine, manganese, lèad, tin, iron and'arsefic, etc. Toxiò compounds also include 
free chlorine, HyS, NH, and free metals such as Ni, Cu, Co, Hg, As, Ag, U, etc. 
EP di Dissolved Inorganic Substances — Dissolved materials 
ME nd, Li carbonates, bicarbonates, sulphates and chlorides of Ca, 

î ? oxide, Mn, CO,, H,, O, etc. 


0.41. Write a short note on water pollutants and their adverse effects. 
(R.G.P.V., June 2010) 
What are commo SA - : : 
water pollutant n n sources of water pollution ? Discuss various types of 
nis giving their adverse effects on living system. 
Ans. Vari (R.G.P.V, Dec. 2017) 
are as PRA * Sources which are polluting water and makes it unfit for use 


DI Sewage and domestic wastes 
(iti) Agricultural discharge 
(V). Siltation 


(vii) Radioactive pollutants. 


(ii) Industrial effluents 
(iv) Toxic metals 
(vi) Thermal pollutants 


Engineering (Il-Sem.) 
tic Wastes — Sewage is comMONIy a cloy 
mes tn eral and organic matter. - About 759, î 
È pe and domestic wastes. This Includes Wa 
d oy se) Javatories, laundries, hospitals, etc. I; als 
‘soap; detergent, metals, glass, waste food, Sarbagi 
‘4 from these inert materials, sewage also contains living 
h'asbacteria, virus and protozoa. 7 
an & sthetic, totally unfit for drinking and domesiie 
ia ‘us oxidizable and fermentable matter which Cause; 
pane pigro d'oxygen in receiving water bodies, which affects the 
aquatic flora severely Oxygen deficiency also leads to the production ol 
objectionable odours in water. When D.O. level of water reaches 4 to 5 ppm, 
fishes starts to die. Suspended matter present in sewage has a tendency to 
blanket the stream, thereby interfering with the spawing of fish and reduce; | 
the aquatic biota, Accumulation of sewage and domestic Wastes in water | 
bodies retards the self regulatory capabilities of aquatic organisms. Sewage 
makes the water bodies rich in nutrients like phosphates and nitrates. Th | 
water:becomes highly productive and requires high oxygen demand, which ‘ 
depletes the D.O. level of water bodies, Due to low level of D.O.. level of CO, 


gets increased, creased, which kills the fish and other aquatic animals n clean water 
body is tumed into a sinking drain. Ù, 


Plant nutrients, pesticides, 


SlaBE Plant ang 2ers, farm Wastes, manure slurry, drainage from | 
animal debris, # erosion containing mostly the inorgani. 


a Major. so s hi 
fertilizers, etc, leg .. 0° Water pollution. Pesticides, insecticides 
Chlorinat 1 ‘0 the water sOiftàs. by ERIN vato 
sive SER e hotog e coticides. with Clters infilo aquati 
ade) affects the Osynthetic activity of phytoplankton “which 
arv. , 
rlnby s att of atmosphere, They can destroy Hi 
î Ities. Excg sive pia are res b . biol! 
nutrient, i.e, CAUSE eq da ba rtaee Of fertilize Po tv DE ge 
sa 3 °Efishar ot So deplets the D.O n water bodi 
(îv) Toxic Mei.;. atte life, 


industrial Processes Qi. > Toxic 
es, doma. m 
fossil fuel buming “mesto i 
aquatic environment re les. 
leather, ment. I -SEA 


Sugar, 
Such ds Hg, Cd P. 


Ì 


. 5© Street dust, land run-off "| 
Ù a Ource of the heavy metals ; | 
lung, metallurgical, chemi!, 

ts emits Various heavy. melî, i 
©avy metals have deleter!”” | 


hai 


i 
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patic ecosystem, especially the Hg and Pb. These toxic metals 

effects on è predatory birds, marine and shore birds. 
tal "i cirgaini — Silt consists of dirt and dust particles which are 
- land to water. These soil particles create high turbidity in water 
carried Sane r the free movement of aquatic organisms, growth of fishes 
di od san It reduces the direct light penetration in water and 
ne the photosynthesis rate, which results in less food availability 
and plant biomass. Silt also cause clogging of gill rakers and gill filaments in 


fishes and cause their death. 

(vi) Thermal Pollutants— Water is the most commonly used coolant 
in nuclear and thermal power plants, to carry away the unutilized heat. This 
heated water when discharged to water bodies causes thermal pollution. The 
amount of dissolved oxygen in water decreases with the rise in temperature, 
while activity of biological life is more at higher temperature, hence requires 
more dissolved oxygen (i.e., increased B.O.D.). This may be fatal for aquatic 
life. Some animals and fauna are killed outright by hot water. It cause direct 
fish mortality due to failure of respiratory or nervous system. Hi gh temperature 
accelerates the activities of pathogenic organisms, which makes pathogens 
more virulent and fishes less resistant. It causes rapid settling of sediments 
which affects the aquatic food supply. Further, the toxicity of chemical 
pollutants increases with increase in temperature. 


(vii) Radioactive Pollutants — Radioactive pollutants like Pu, Np, 
Am, Cm, Bk, Cs, Zr, Ru 


are fa 


Ans: Refer Q.30 and QA41. (R.G.P.V,, Dec. 2015) 


0.43. Writ 
€ a short note on Water pollution due to heavy metals. 


R.G.P.V,, Feb. 2010) 
Ans, Metals whose densit (. 


metal Y is more than 5 3 
Ù e.g. Fe, Hg, Sn, Pb, Li, are gm/em? are known as heavy 
’ SA metals are a group of 19 “i 
e any bj : +. 
“xtremely asi co gical signifi 


€r toxic metals 


elements out of which cadmium and mercury 
cance or beneficial use and are known to be 
are Cr, Cu; Mn, Ni, Sn and Zn. Once dispersed 
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ca, sg : i scanio be recovered or degraded. Heng 
if seta! pollution are said to be permanent. 
oct leve Is of most of the metals in sea Water 
‘humans are very small. But man-made 
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e ; h as algae fungi, bacteria Pprotozoa 
ing organisms suc ’ ’ 3 > 
so contains liv 
sewage al 


i tifers, etc. 
> drink; virus, 10 l ° | 
de ater — The com ositlon, volume 
aCtiviy 3 Composition of Industrial Waste W p 
1& 


\ ; : $ * cf f industrial waste water varies considerably from 
33 a ; cteristics O à . 

S pels, discharge of industrial effluents, Mining ay and chara : f industrial waste water can be 

such as bamiag ol Sr leads to the higher than tolerable, industry to industry. Main components e 


SIA VEN this happens, metal Pollutin, classified as — 
TR TIR ag DA the environment. Once Utioy 
tozic levels of Io the envi 


(i) Oxygen consuming waste (high BOD Waste) from breweries, 
iena: Snai - ci “ettilari 1e$, pulp mills, tanneries and textile mills. 
is said to take placi gi 3 i 7 neries, dairies, distilleries, laundrie : . 

Various industries which release heavy ka ti i sa Fr (ii) Highly suspended solids produced from tanneries, canneries, 
TE LESRZI ZA = With the growth of heavy in Ustrie; 
(0 Mining and Metallurgy 


tofheavy metals are required. Mini, Packing houses, meat and fish ifidustries, coke and gas plants, cold washeries. 
id industrialisation, a large amount o ca - Mini dLse 
paia beganon d coniberciai scale and mine wastes, sewers, and belchino paperIni 


7 $ (iii) Highly.dissolved solids produced from chemical plants, water 

chimneys pumped heavy metals into the river channels and atmosphere i isoftening plants, canneries, tanneries, etc. ° 

Large amODI8 6115 pe (iv) Oil and grease produced from canneries, tanneries, metal finishing 

(i) Thermal Power Plants — Thermal power plants are anothe wastes, oil fields; petroleum refineries, wool scouring waste, dairies, etc. 

Major source of heavy metal pollution. A thermal power plant having a capacit (v) Coloured wastes from electroplating shops, paper mills, textile 
0£2000 MW with an annual consumption of 8 million tonnes of coal produces dye houses and tanneties. 

about 1600 tonnes sa 300 tonnes of zine, 80 tonnes of cadmium and 4) (vi) Toxic metals and radioactive waste from hospitals, metal 
tonnes of uranium. India has 80 thermal power Plants, so this is a major 

Concem for us. : 


processing industries, nuclear research laboratories, etc. 
(vii) Taste and odour wastes from chemical plants, petroleum 
refineries, coke and gas plants, etc. 
€ main difference between domestic and industrial waste waters is 
Strength and characteristics of domestic waste water is quite predictable 
C : i throughout, while that of industrial Waste water varies extremely depending 
(>) Upon the Source, 
Tunneries - Tanneries i ible for th ; > 
= SRL Ee amount of chromium into "n e ragà. there ae L:45. Discuss Important physical characteristics of waste waters. 
Ut2are must decide 
hich block should be removed to generate space for the new block which 
> tontains the referenced word. The collection of rules for making this decision . 
rss | sig  Mtitutes the replacement algorithm. 
fa. AFEA er Fy Ree ots AA does not require to know explicitly 
ee es Ee A ene Red and Write sapaa aa 
=e ory access contro circul i jon. is; j 
stone ently exists in the cache. If it does, the Read oF ioa va e rai 
Mied on the guitabie cache location. Ifthe operation S e eh 
ty is Snot involved. When the operation isa Wri ta a 
ced in two ways. In the first technique. known pi nest 
$ tión žad a the, MM focation are u ated si sinus l 


S laputs Comuion td Atl Chips 


about the existence of the cache. 
addresses that refer to locations 
termines whether the requested. 


Fig. 4111218x 8 ROM Chip 


= 


div mark it it as ated 
rmolilied bit. Tiew wiy, 
sd Jatet, when the- block CONtain: Mae 
cache to. make way for a ney, j 


‘clearly simpler. ‘but it results in unneee 


; ypetiod. o ei: 

i if the. addressed ` word is not in ihe Bike the h 
the requested word is copied from the MM ; ina 
“particular word requested, is forwarded to the Cpu 

éh was. requested may be forwarded to the CPU an, 


ih ty 
zd into the cache. Alternatively, this word can be transmi f 


as: Seta decreases: the wailing period of the Cue 


teansierring the block containing the sitions word to fhe cade 
ia 2 operation refers to a location in one of the data areas of; 
ef than to the memory area containing program instruction $ 


edd i in accessing ‘data. ` 
ould be remembered that in the case of an nindi ed memor’ 


Furst transfer mode available on most dynamic RAM chips. 
ees g 24, What are the characteristics of cache memory ? 


s Ans Referi io. Q T 


2! $ Diarani. between associative = and cache memory. 
| (R.GR¥., Dec. 2008 Ẹ 
áma Differences between associative and cache memory is-given below 


Pry x 
ae hs $ 
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Cache Memory 
‘A fast and small memory Ì5 
called cache memory. 

`- It reduces the average , memon 
access time,- 


papes OR Po 


is i called a as 56 ciative ‘memory. - 


a ; Ma A ie reduices: the 1 time reaied i to find b 


itap ti 


~ 


address. 


FA i 


vif 
MM when p given cuche wordi 1S updated ġ Min ; d : 
EAE FAY Tot ie i 


bf ‘ 


šopi ae it is read from the main memory. The latter appre 3 


memory Cache Tag Pata 
i sitägaddresses currently assigned to the cache, Memory a. 
hich can be noncontiguous, is stored in a | | (Directory) fa 
n al memory, the cache fag memory or 


‘operations are involved, the property of locality of references} Es 


i block transfers are very efficient. Transferring data i in blocks betwee} 
and the cache enables an interleaved MM unit 10 operate at its maximut | 


I i 
s speed. Likewise, block transfers to the cache can take advantage of te | fg 4.14, In the fook-aside design of fig. 


memory are directly connected to the system 


ie _ initiates a memory access by placing a (real) address A; onthe me 
fi i yo" ag June 2018 


Here, data are accessed by is Bodh 


aL ae 
ae 


ki in Used when parte ‘alae 
group of data j IR A 
repeatedly. 


Its haste characteristic: 7 ‘YS H5- 
fast access: time. 


c characteristic i is its flogio |. 
8 mf matching its content. - 
cucu 


a What is a Coen memory ? Discuss the busic design of cache. 
P H J (R.GPE, June 2008) 


sis eo che memory ? Why is it implemented ? (R. GRK, Dev. 2014) 

-W Cache Memory = - Refer io Q.23. 

&. 

Z Am w Design of Cache — Fig. 4. 13 shows the principal components of a 
Sy Seats words are stored ina cache data memory and are grouped 
il pages | called cache blocks or lines, The contents of the cache’s data 
ee small P are thus copies of a set of main-memory aoe Each cache block is 
q with its block address, referred to as a . 
mated e cache knows to what part of the 
) a space the block belongs. The collection 


vent 


Cache 


p “fitectory. For example, if block B, containing iva 1 


Addtess 
=f B, is in 
“dau entries D; is assigned to Mj, then Fig. 4.13 Basic Structure of 
ig. asic Structu 
the cache’s tag memory and D, is in the cache’s i Cae i 


data memory. 
Two general ways of introducing a ate’ info.a computer appear in 
4.14 (a), the cache and the main 


bus. In this design. the CPL 
memory address 
bus atthe start ofa read (lo: ad) or write (store) cycle. The cache M, ee aes 
+ compares A, to the tag addresses currently residing in its tag memory : A a 
ee is found 4 in M,, that is, a cache hit occurs, the access is complete i 
Aread or write sHeanon executed in the cache; main memory. M; 3 i 
fa “involved. If no match with A, is found in the cache, that 1s. 2 cache i 
K Occurs, then: the desired BERA is completed by a a read or paw to, tha 
directed to M,, In response to a cache miss, 4 block (line) of data ansir is 
“includes the. target address A; is transferred from M, to Mp T his trar : 
hs, » aking advantage of the small block size and fast- RAM eae i short 
a ah as page mode, which allow the cache block to be filled m be A LRU to 
et The x vache implements some replacement policy res S cache 
> where to place an incoming block. PAR ai i 


"Paced by B; in 1M, is saved in Mz 


Unt w igr i 

ey what is meant by a dit ey 
_ lin memory ay Sar 

F to make effective uses of cache man vi ; hat Reneral 


dt Pe inte cache memory uses block 
qme He morale a total of 2048 words eee aff wan wares The 
ee yy size is {28 K* 32. T ed 
=, % Z r 
; it j f How many bits are there in the tag, beatin: Meck: and 
To jaddr s format ? Í c. 
; 2 dih What is the size rer cache memory ? 


a 


RGRY, J 

pe Reter 0 O23 and Prob.7. pape 
q “g 3, Explain mapping in relation to cake memory. (R. G Pie Det. 2011) 

| ns, Basic ‘characteristic of cache memory is its fast access time. So, 
E: yy litle or 80 time must be wasted when searching for words in the cache. 

"7 ansrormation of data from main memory to cache memory is known as 
if mapping process. When considering the organization of cache memory, . 
E prse types O of mapping procedures are of practical interest — 
x ü) Associative mapping 

(ii), Direct mapping 

i) Set-associative mapping. 

Ne 029 What is cache memory ? How is it organized by direct mapping ? 
~ Explain. (R.GPK, Dec. mg 

3 x Or i 


- Explain the need of cache memory in the computer system. “Explain as 
tire mapping of cache organization. i {R-GP¥, June 2005) 


g j Look-through 
i Fig. 414 Two. System Organizations for Caches 


Bie. 44 (hd shows a: faster, b ut more costly organization called a look 
een cache. The CPU communicates with of ate A a separ f. _ Ans Cache EMOTY secs Aen 
; focal): bus that is- isolated from the main system bus. The system bus i ‘ _ When considering the organization of cache memory, three typos af. 
-< available for ase -by-other units, sùch as I/O controllers, to communicate wit Mapping procedures are of practical interest - l 
main memory. Henee, cache accesses and main memory accesses not involving í (i) Associative mapping 
dhe CPU can. proceed: ‘concurrently. Unlike the look-aside case, with a foot fli) - Direct mapping 
A es cache the CPU does not automatically send all memory requests © x (i) Set-associative mapping. 
Aiea a nie sitet after : Phebe miss. A look through cache a = -Direct Mapping — Let us consider a cache havi i 
1 to be wider than the system bus, thus spee“ {i "seach, for a total of 2048 (2K). words, and assume that the main memory - 
Bl eache-main-memory transfers, For eximple, if the system data bus is # P ee by a 16-bit address. For mapping purposes, the main memory 
bits wide and the cache block : size is 128 bits = 16 bytes, a 128-bit dala bus ee Viewed as composed of 4K blocks. In the direct-mapping | technique, 
“might be provided fo link M, and: M;, “which would allow a cache block 0 Fa ‘of the MM maps onté block k modulo 128 of the cache, as Shown in 


ing. 128 blocks of 16 


"Fe, laced kE 4! en’ 
«i tine ea clock cyéle, The main disadvantage of the nt F AN Cause more than one MM block is mapped. mete a cache is 
„throug gn, besides its higher complexity and cost, is that it takes lone? Hoty, sition, Contention may arise for that position ©” bh w plock 128, and 
: tcc example, instructions of a program pel irpan executed es 


for $ 


Mbloek 256, caggi afier a bee When a 


Main Memory 


Block Word 
(n 


rA 
, a 
RAR PA Fig. 4.15 Direct-mapping Cache 
:2 both of these blocks must be transferred to the block-0 position in the cack} 


pense me eee OP G | Main Memory Address = 


j ' * > ove 


t resident block: The replacement algorithm is trivial for this case. 


` 


pi Wa new bleck enters the cache, then 7-bit cache block field determines 
~ = €ache position ix which this block must be stored. The hi gh-order five™ 


fee pe the MM: address of the block are 
+ tocation in the cache. As execution 


~ the cache. The tag field of 


X 


fromthe main memory and loaded into irect- ing tec 
-troni the main mem o the cache. Direct- ing tec 
; 48 easy to implement, but it is not very flexible. irect-mapp ng 
: ise ~ «Q30. Explain the following mapping ns 
=o 4, 42 Associative mapping (iij 
=. Explain the terms associative and set associative mapping 


procedures — - 
Set-associative mapping- 


«Contention is resolved by permitting a new. block to overwrite the cuma 


As shown in fig. 4.15, an MM address can bedivided into three fieh. 


stored in five tag bits associated wit! 
AnS ali i proceeds, the 7-bit cache block field ; 
= Tach address produced by the CPL points to a particular block location 
i AREIA that block is compared to the tag field of? 
address. H they match then the desired word is in that block of the cate 
“ease of no match, the block containing the needed word must first He ™ 
= hai 


ye OF Ket gi; . 
l y th ene k will accommodate k Fig: LAT TwoNiay. 
E Seis pet in = word of Sepassociative Cache 


y most- flexible cache 
shows this Organization, — 


ig ectve Maing a ate sng 
ay gee on jative Memory ts used. Fig. 4.16 
api atie menory yea ie ee address and content (data) op 
ire 8 rd. This allows any locaton in cache to store any word me 
pwo diagram shows three words presently store in fs from main 
15-bits is shown asia five-digit octal nu as me The 
; oe 12-bit Het? moral as N four-digit octal ake er and tis 
“Ey ss of 15-bits is kept in the argument repi B 
a AcPUu an d for a matching ad iin ten and the associative 
Be ory is SEATED M on n the address is found, the 
gen ding 12-bit data is fead and sent to the CPU, When no match takes 
gore main memory, is accessed for biog 
a Then. the address-data pair is 
the associative cache 
sterren the cache is full, then an 
z a pair must be displaced to 
for a pair which is required 
Painot presently in the cache. The 
cision as to What pair 1s replaced is 
termined from the replacement 
rithm that the designer selects for the 
+ cathe. Asimple method is to replace cells 
“of the cache in roundrobin order 
whenever anew word is requested from 
“main memory. This constitutes a first-in 
first-out (FIFO) replacement policy. va 
(ii) Set-associative Mapping — Set-associative mapping is an 
‘provement over the direct mapping organization in that each word of cache can” 


CE EMT Te 


aa CPE Address (15 Bits) 
ay W 


; “idress-dat 
sake OOM t 


SOCAN 


Fig. 4.16 Associative Mapping E 
Cache (All Numbers in Octal) = 


ii is stored together with its tag 


Index Tag Data Tag 


and the number of tag-data items in one word ~~ 
fonds and their associated tags. Each tag needs six bits and each data word has 
H 31 
R accommodate 512 words. Hence, the 
Ie orig md of cache contains two data 


.{ Sore two or more words of memory under the same index address, Each data 
a cache is said to form a set. Fig. 4.17 shows an example of a set-associative | 
organization for a set size of two. Each index. address refers to two data 
P bits: there, 
Rene the word length is 2 (6 + 
% >06 bits. An index address of 9 bits 
H Of cache . ` > 
_, ithe me ; x Gji 
fith wise mory ts 512 = 36, Since . 
2 Hi ny « À i < i 
ime accommodate 1024 words 
hee TY: Generally: a’set-associative 


tup i Metco 
ic re EEA 
; ieie A 16 am wit BS fO:the maj, 
iri eg stored, at addresses. Qi Noo and moy of Maj in ma 
a eagle mernory vi ides address O08. Likewise, the wor. 
eee J arestorad | in cache at index address TIA H the ( ORL tag 
oe ; the index value of the adds Sss is used ty ace 


ESS the 


a sg atthe, CPU adilress i is compared with both tags in i i ae? 
situs 3 it 


3 ipa {takes place. The comparison logic is done ty Yina 
s fat the tags in the: set similar to an assoviative memory search, he 


jalive, Since more words w ith the same index but diffe q 
t 


~ 


ape rabies inonch, the hit ratio will improve as the set size increases S. H 
of cathe. ef 


Jerene i i the set size incmases the nuniber of bits in words 
needs i HOE complex comparison ‘logic. 
ne set-assbciative cache, when a miss takes stave and the set js full 
necessary to replace one of the tag-data items with a new value. Mog, co 
replacement ‘algorithins employed are — random replacement, first-in firs 
A EEO) ‘md jéast recently used (LRU). The control selects on | 
; for Samai ai random. The FIFO procedure chooses for replacemen «ft 
“Hem which has been in the set the longest. The LRU algorithm Chooses gf 
= replacement the item that has been least recently employed by the Cpy 4 


o 31, Point out the. irene jaie direct mapping technique a 


| associated | mapping technique, with the help of example. (R, GEV., June 2! 
-Ans Refer to Q.29 andQ.30, 


QIL What are the various mapping methods used with cache memi 

, pianeti zatiön-? Explain any one method in detail. 
ki | a (R.GRYV, June 2007, Dec. aig 
A P Or 
; z rite e short n note on mapping mite", öf cache memory. 


nif 
“Ans. sy to Q 29 mdg Bo (R.GPV., June? 


Q 33. What i: is mapping : 
_&plain any one in detit, 


“dns, Mapping + Refer to Q: 28. 
‘Types of Cache Mapping - -Refer a 
< Q34. With the help: 


? Name all l the types of cache mapping ™ 
(R.GBV,, May mth 


Q. 29 ¢ and Q. 30. 
of a diagram explain how cache is used in CHR 


att 


: ad 
Y pts E 
DST -i 


i 
a 
e: 


C-tags daai 
+ 
- singe extra bits in each word of cache, both FIFO and LRU cai} 


3 po lt is a process of writing cache 


Haka jy 168 
Oe ; ask 
rv! ha ane ut Keren 

P -rn „ch mem j t mappiny technies ir ‘athe 


RGPE, Beg.. POLE 


sett 
or to Q2 33, C. 3 and Q38. 


rentiat between write through and write h eck, 


(RGPK y Dec. 2066) 
es between write through and write back are — 


| we 


at: pifterenc 
write Through 

his method main memory is 

updated with every memory 

| write operation as weil as cache 

imoti is updated in paraltel 

$ if it contains the word at the 

spacified address. 

| a} Main memory always contain 

| same data as cache. 

i} | Number of memory write 

e operation in a typical program is 


A 


Write Back 


in this method nly cache location 
is updated during write operation. 


Main memory and cache memory 
may have different data. 
Number of memory write 
operation in a typical program is 
less. 

When VO device Doireneintenied 
through DMA would not receive 
most recent data. 

Ít is a process. of writing cache 
and data is removed from cache, 
first copied to main memory. ` 


through DMA would receive 
most recent data, 


and main memory simultaneously. 


- 036 Explain writing into cache in relation to cache memory. 
(RGR, Dec. 20H) 


Ars When the CPU finds a word in cache during a read operation, the 
fi Kareyi is not involved in the transfer. However, jf the operation is a 
_ st are two ways that the system can proceed. - 
simplest procedure is to update main memory with every memory 
spon With cache memory being updated in parallel if it contains the — 


at thee specified address. This is called the write-shrough method. This 
Oq the såame „ilata as 


‘o jerganization Explai adv ays contains 
BA ra "mpieg ieee, GRY, J une 2014, | “te Ee she is eee bce apes with direct menory 
Or- FS ttang are valid at 
T Belsin, cache nemo sf sfers. It ens h id iding in main memory 
rp: Pzanization Wi pes © ties. ures that the data res d receive 
in cache Selene: $; | high RGR E ne 20th A ha that an 1/0 device communicating through | DMA woul | 


Ameen updated data. 


oe , Gi Fag: 
m yest to the time at which the requested in EY 

rea ut terminals of the memory. 

f ple at ou hip between cost ¢ and access time t 


i 
rela at ont ies iS shown in fig. 4.19, The straight lin 


ie ‘an: reside on: the same IC as the Cp 
a , caches are. essential components, Unlike q 
. ” ny ‘caches are generally ‘transparent to the he, : 
mutes caches: and main memory implement en a we 
‘MM addressed ‘directly by CPU instructions, — | 
` see Time and Cost — The most. meaningful measure of th 
wry devics.i is the purchase price to the user of a complete uni ii 
Rout in clude ı not only the cost of the information storage medium pe’ 
also thee enst ofthe peripheral. equipment required to operate the a i 
We' asgume'that Cis the price in dollars ofa complete memory syste 
bits a ë Capacity, The cost ¢ of the memory is ; defined as foun 


J 


formation Deceme 


A tor some recent 


ai e AB approximates 
Tehn “yf we write ta = 10% and c = 10, then y x my + k, where m 


č ations i P mx+ kt à 

ș rela i AB and k îb a consan Thus, ty =40 m T Ws 
n the data of fig. that m = - 0.5, Thus, to decre: ns 

athe cost c must increase by about 100. 


e ta by a 


itt hit rati in cache organization. 
(R.GPY, Dec, 2011, June 2014) 


des Performance: of a cache memory is frequently measured in term of 

4e" enownnas Ait ratio. If CPU refers to memory and find the word in 

ae en said to create hit. When word is not found in cache, it is in main 

Performance ofan individual memory devi ice is primarily determine od nd it counts a miss. The ratio of the number of hit divided by the 

the. mate at which information can be read from or written into the E mory reference to memory is the hit ratio. When hit ratio is high enougli, 

The basic performance measure is the average time to read a fixed amoun pi ICP! the time the CPU accesses the cache instead of main memory, 
e access time is closer to the access time of fast cache memory. 


is information, for example, one word from the memory. This parameter is kno ip at most Of 
“as the read access time or simply the access time of the memory an wens 


. tepresented by iq. Likewise, the write access time is also defined: it is oh Qu. Describe multilevel memory. What is hit ratio ? Obtain the expression 
“he not always. equal to the read access time. ` b y average ACCESS time in a three level memory. (R.GPV., May/June ii. : 
Access ioe depends on the piyasa nature of the storage mediums E © 4m Multilevel Memory — Refer to Q.39. . 
Hit Ratio — Refer to Q.40. 

Expression for Average Access Time in Three Level Memory ~- Let H 
denote the probability of fi nding information in a given level, Because it i$ 
“pendent on the size hence it is expressed as H(S). The fi unction H(S) is also 
nown as success function or hit ratio. The quantity 1 —-H(S)= BS)" is called 
mis ratio or failure function. 
| Inmuttilevel memory system information contained i in level L; 
Aho held by all levels L. (say 4) when j > i. Hence probability for a 

and miss at level i -- 1 through | can be expressed as 
h = H(S,) - H(S; _ ,) = access frequency to level i 
It was obird that t; is the access time for fevel i and 


E “qu poll 


c= Lol! bit 


4 


` Magnetic Disks 
(Hard Disks) 


ics et e a 
OER 


(say 3}is 
hit at level 


Be 
s 


on 
T; is effective. 


i Reeesh Time ta Visona O 
5 
be 


- rat ~4 agen bh w 
EROE a "85 time from the CPU to level i then, 
nae tet: | i 
4 ; (ii) 
iw? = rox a 
w? F el Tan n level 
aes E E E T Ee Ae | 4 act principle of statics, the average access time T of an 2 
ie oe agi, eer we Ws 10 owl. art Ww " y 3 Saas 
i n š - #2 nee? Ss i (iil) š 


$ Pi ansa dice Time Versus Cost for Variis Memory. rena | 


pe sabie of et? 


H 


ý Ke : = : : 
= S{UGi} -= HG;-4 Pans 
yet i : yl 


an L this can be simplified as 


ome od 
Fe Y{HG,)- WS} ti 


i=l 


y using induction 


H(S,) = 1 (Level n contains everything) o 
-i HSE (Level 0 does not exist) 
b= HS) = FG) 
“soe BS) = t (because H(S,) = 9) 


cr OE nh ie 
j T=), F(Sj-4) tj 
i=] 


n= 3 then 
HEEE 
P= PFGE 


z~ + : ‘ F ` i nf i=! i : 
~ tis-the average access time of a hierarchical memory system. 


expression for “effective access time 


cache and main memory respectively. hy is the hit ratio of cache. 


PICA Te n 


-7 Ars Hit Ratio — Refer to Q40. 


pumy s 


. time depends on the hit ratios and access frequencies at successive 
For any two adjacent levels of a memory hierarchy, hit ratio is 
` defined. If an information item is found in M;, we call it a hit, oth 
”. miss; Assume memory.tevels M, and Mja; ina hierarchy, i = 1 

- Mythe hit ratio h;'is the probability which an information item wi 
o Mp it is a function of the characteristics of the two adjacent leve 
P M, At M; the miss ratio is defined as | -- h; Át successive levels, 
-= are'a function of memory capacities, management policies, 2 
_ behaviour. With values between 0 and 1, successive hit ratios are 1 
~ Tandom variables, To simplify the future derivation, consider hg = 0 4° 
that means the CPU always accesses M, first and the access to the oul 


wrni ere 


esoann 


, > 


Aey M, is always a hit. . 
fos The access frequency to M; is fepresented as — 
Ho ee oe Shs Cie ce es 


(iy and equation Gi} to equation fi, | 
s ay é 7 : i l : We ; 


A 0.42. Explain hit ratio. Generate expression for hit ratio. Derive m be 
(t,)” if tı and t, are access time of 


(R.GP.V,, May 2014} 


$ ee ; Expression for Hit Ratio — A memory hierarchy performance is determined 


~~ by the effective access time t, to any level in the hierarchy. Effective acct 
levels. 


a concept 
erwise, t > 


Il be found] i 
Is M; -1 a teal mory at any given interval of time tend to be confined w 
the hit at of 
nd prog. 
independ? 


r 


Frik m Program refer to a few localized areas 0 


Po ee ASI OFF 
ar probability of successfully accessing My if there are ; i 
ons wei: 


el 
use © very 
im mh 


inner levels of memory are accessed more often a 
t as 


Fit. the i i 
Fiw 990, Stone has pointed out that a cache miss ts 2 to 4 umes as costly 


Ee o Lge 
he access 


‘ra memory hierarchy 


n 
t= > it 
= 


f= i t 4 

te = hiti 4 (i s hy) hot, ef: (1 ee hy) et hy} hat, E asas 

F (1 gee by) ~ hy) (1 a bay welt} 

_ The first several terms in equation (i) dominate. Currently, the effective 

$ acess time depends on the memory design choices and behaviour of program. 

| Only after extensive program trace studies may one estimate the hit ratios and 
te value of t, more correctly. . | 

0.43. Explain locality of reference 


se.i. 


cache memory. 


in relation to 
l (R.GPV, Dec. 2011) 


Or | 
(R.GP. V., Dee. 2006) 
c reference 
ithin a few 


Maliz : 3 A 
darea in memory. This phenomenon is known as the property o 


Ae 


the addresses g 5i 
f memory repeatedly. 
frequently. 


Rios apr 
femainder of memory is accessed. relatively m 


nae 


Architect i | 
‘poplain the memory. hier archy in a digita 7 

es af cache memory over tain memory » i 
: ie a (RGPRY, Sis 

he 


CPU ata rapid rate, 


copansate forthe spe? 
rocessof logic. 


memory. >. 


He “gnemory whose access time is close to processor logic clock cycle time. 
<T e {v} The cache is used for storing segments of programs curren 


: ii being executed in the CPU and temporary data frequently needed in the prew 


-Enlist and explain replacement algorithms. (R.GP.V., May 201 
> Ans. Cache ~ Refer to Q.23, 
` Principle of Locality of Reference — Refer to Q.43. 


Replacement Algorithms — If a new block is brought into the cack 


“2 fg) The cache memory is employed: in computer syste, | 

At) d differential between main memory access ii Sy F 
: te - à E ay W 
(L M} CPU logic is usually faster than main memory access time yf 
the result that processing speed js limited primarily by the speed of q 


= ae {ivy A technique used to compensate for the mismatch in operat. ull processo 

“vii gpeeds js to employ an extremiely fast, small cache between the CPU and k. ) 

separate cache 

gach pro 

calculations.: ~ 3 L 
- 0.45. What is cache ? Explain the principle of locality of referene in 


, Gmi jy Fg 

-gaing è ebonter with each line, FU conid be inaplemeritag. a A 

pgs are 75 t ick a line at rs k X mpeReneg A Ee. 

y g ; ysage IS {0 Pics a line al ran T ; ‘AS 

> ; Placement mirer roA 

srřormance to an algorithm based on dias RRI piver oniyi i 
Sage. 


in shared i 
k resolved with 
a (R.GPK, June 2013) 
cache coherence ? Why is it necessary ? Explain different 4 


yhat is i 3 ; 
# cache cohere. (R.GP¥., June 2012, Dec. 201 43 


or 
roaches fi Or 


he coherence terminology associated with multiprocessors. — 
(R-GP.¥., Dec. 2009} 
the processors share a common memory in a shared memory 
r system. In addition, each processor may have a local memory, 
ipof which may be cache. The compelling reason for containing ; 
s for each processor is to minimize the average access time m © 
cessor. The similar information may kept in a number of copies in 5 
aches and main memory. The multiple copies must be kept similar to 
the ability of the system to execute memory operations correctly. This ~ 
ent imposes a cache coherence problem. A memory scheme is coherent a 
‘ite value returned on a load instruction is always the value given by the 
latest store instruction with the identical address. In bus-oriented 
multiprocessors, caching cannot be used with two or more processors without 
aproper solution to the cache coherence problem. A 
A simple approach is to disallow private caches for each processor and 


Explain cae. 


Ans. All 


or 4 


© one of the existing blocks must be replaced. For direct mapping, there is of havea shared cache memory associated with main memory. Every data access ~ 


single possibie line for any specific block, and no selection is possible. 4} i made to the shared cache. This approach v 
replacement algorithm is necessary for the associative and set associate) Of 
methods. To get high speed, this type of algorithm must be implemented # tis scheme solves the problem by avoiding it. 
- hardware. A number of algorithm have been tried — Four of most common} 
As — Probably the most effective is least recently used (LRU) — Replace ® 


_ block in the ‘set which has been in the cache longest with no reference © 
i This is.simply implemented for two-way set associative. USE bit is inclu 
by cach line. Ifa line is referenced, its USE bit is set to one and the USE i 


| ithe other line in that set is set to zero. The line whose USE bit is zero is“. 


da block is to be read:into the set. LRU hat 
ee eee 1s 20 © to the set. should provide the best ™ 
because considering that more currently used Peni places are more 


~ -tobe referenced. Another possibility is first-in-first-out — Replace that blo 43 


the set which has been in the cache } in or ci 
le pees ongest. As a round-robin oF 
. buffer method FIFO is simply implemented, Another posibility is least f°% 


pe processor. One scheme that has been used allows only nonshar 
tal-only data to be stored in caches. Such items are called cachable. 


ve 


af or 
__loncachable and the system hardware makes sure 


te , a 
Placed in caches, The noncachable data remain | 


— 


te overhead that may reduce the performance. 


“blog s $ uses a centralized global table in its compi 


LaL ERRER 


` used In the set, replace block which has experienced the fewest referet" | N (RO) 


iolates the principle of closeness 
CPU to cache and increases the average memory access time. In effect, 


For performance considerations it is required to attach a private cache to 


Shared 4 
data as either cachable~ 
that only cachable data 
n main memory. Ths - 
d introduces an exta ~ 


i f 
Mable data are noncachable. The compiler must tag 


m ETAS SA 
wthod limits the type of data allowed in caches an 


in at least one cache is a E 
jer, The status of memory — 


a. ee 
T Sa 


mejo a Poach that permits writable data to exist 


tored in the central global table. Each block is eT tb peer 
Or read and write (RW). All caches can contain cop ; a 


andine <5 


ed and 


MOS 


F 


BS AS. NS ; 


‘i pire Whee r © the othe, be ay | 
Ee dain we updated in the cache with an RW ite the other cache hy gil gik Eg 2 =16bitaddress 
ihe duji we they do not contain a-copy of this block, elt i Word 
ted 5: ‘a aad Sind prablem can be solved by means of & Com. [Tag | Block | a ‘a 
: ajent ar by means of hardware-only schemes p tf. S inder > een cache address | 


16 = 23 bits in each word of cache Are. 


Teques i 98 = 256 blocks of 4 words each kai 

ached to the bus constantly monit quests ii Gii) 2 Ans, 

hes attache fo ine nitor the Net 3 i 7 A two way set associative cathe memory uses blocks of four 
y Must Prov. + 


i The cache can accommodate a total of 2048 words from main 
gin y, The main memory Size is 128K x 32. 
contro pumo}: P Formulate all pertinent information required to construct the 
“Watchiz l Ory. à 
‘ache m ry What is the size of the cache memory ? 
, (R.GPV., June 2002) 
So 128K = 2" 

Probs. The wecess time of a cache memory in 100 ns and that of mi 
memory is-1000 ns. It is estimated that 80 percent of the memory requy 
“fat read and remaining 20 percent for write. The hit ratio Sor read acces} 
“anh is 89. Awrite through procedure is used. , 
<.. (9, Whatis the average access time of the system considering om 
— memory read cycles ? E Sa 


i i ; 2048 
"Fora set size of 2, index address has 10 bits to accomodate <r 1024 
words of cache. ss 

i Tbits  10bits 


Tag [Index | 


| Block —>|<— Word >| 


eye kr, (ti) What is the average access time of the system Sor both reat - 8 bits 2 bits 

ie a ws zoni aA yi f x F - ra i Tagil Datal 

ae E at is the hit ratio taking.into consideration the write cyca} ; 

Wa." adele HSE teh ae mit , “te = * E . 4 

a Su Be (R.GPY., June 2002, Dec. 2009, 1l 1024| 7 bits | 32 bits 7 

So Sek 09% 100 +0.1 1100 = 90+ 110 =200 ns au] Gi) Size of cache memory= 1024 x 2 (7 + 32) = 1024 * 78 Ans. 
H) Na * 1000.4 0,8200 = 200+ 160= 360 ns AMT Prob.8. A CPU has 32 bit memory address and 256 KB cache memory. me 
oot. (iti): Hitratig = 0.8409 = v2. $ Amy The cache is organized as 4-way set associative cache with cache block size 

te ciah Cc, “of I 

i. Prob.6, A digital computer has amemory unit of 64K x 16 and a cach Y 6 bytes e 


E rrea 1a words, The cache uses direct mapping with a block si 
$ fictis of the idete, ure there in the tag, index, block and ý re Gn bytes) required — 
“ey divider i manan bis are there in each word of cache and 1") br te ft) What is the total amount of extra memory (in byte) ret 
FAY Mvidéd into functions? Inctude a valid bit 3 co tun? oO (RGRM, Dec. 201) 
Fae ts Sat (ais) Hon many blocks.can the cache accommodate ? i E So erie 
pos FEGEK, Dec, 2002, June 2007, Dec. 2910, 2012, June ™ 


(i) What is the number of sets in the cache ? % 
(li) What is the size of the tag field per cache block : 


7 J iii 
4 (iii) How many address bits are required to find the byte offset with 
ache block 9 


Next 19 


L Spin osc -oo four 16 bytes blocks, 
“So ta (1). There are 2!2 = 4096 sets, vach containing four Latinler o 
« bits of A form the set address. - 


PIE”! RAL PT NANEN 
ers cot in $ 

r 

~~ 


Comput Artec ie 
far se nee Unit iv qzr 


Gh The yéemaiting J) bits constitue the tag. 


Ri P ; is a concept used in < 
Memory Address 16 ne 1 the user t0 one oe a though a large reno i 
Bee a poe e - sit equal to the totality of auxilary memory, Traditinn. y Space 
E eee Seng Es Tag Set Address Displacen, pf yaad for the following three purposes- ` raditionally, virtual 
eRe Oe p PE M e EPT ent č p ge ¢ 
it cee Aa) The low-order 4-bit displacement identifies a byte With; Emo. qo free user Programs from the need to carry 
pies cache block. -. Fiza hin anf 0) d to allow efficient sharing of the available memor; edisi 
ae ar TS a a EEE ape an an ¥ Space an 
zoo phy Thé tag memory is implemented by fou x ~ cat OM pace among 
tiv} She tag ry p y r 4096 x 16-bits Fis vat uses 


fo make programs independent of the configuration and capacity 

memory present for er execution; for example, to permit seamless 

dary memory when the capacit i “oa i 

‘te A econdary pacity of main memory is exceeded. 
efo We 


afinain memory addresses ani tag sedi iache address. (R.GPV, Dec y$. (iii) To obtain e E low access time and cost per bit that arè 
Sok Main memory contams 4K(2!*) blocks of 128( 27) Words -u able with a memory Cra y: 
oon Total number of bits required to specify main memory address a bas i yjrtual memory can be implemented as an extension of paged or segmented 


“iy addon four 4096 « 64-bits RAMs from the cache data memory 


| Prob; ob:9. A set associative cache consists of 64 lines, or slots, divideg ; : y 
dine sets. Main memory contains 1K blocks of 128 words each, S} it fg vie into $ 


jie 


h sical 


D Wond= 128 = 27 = 7 bit long i WEO am ills of page map tbs ney, hes 
iist. The d set bits specify y= 24 sets ) gslation 1S PS ge-map tables, segment descriptor 
LAR Padi Ono Wag les, of both. . “ae 
fs 4 a 9 d na paging system, the virtual address space is divided into equal-size 
2 ENE gk aaa socks known as pages. Likewise, the physical memory is also divided into 
SESS od eri Tag biss 19227 S10 f equalize blocks called frames. Size of a page is the same as the size of a 
Sea eat te ‘Thus, main memory address fae. sizeof'a page may be 512, 1024, or 2048 words. 
ee sr eS be See Wend r ch virtual address may be regarded as an ordered pair < p,n >ina 
e EN ok spumngsystem, where p Is the page number and n is the word number within 
3 the rage p. Sometimes the quantity n is referred to as the displacement or 
‘a TEDRE ; oet Auser program may be regarded as a sequence of pages and a complete 
eb TOAL MEMO ADnRECC cn ACE, EE oig } copy of the program is always held in a backup store such as a drum or a disk. 
TE i ea a aT EMOR Y SPACE, — Apage p of the user program can be placed in any available page frame p' of 
REL EFEC ae TATION, TLB, PAGE ¥ tic main memory. If a page is in the main memory, a program may access the 
= = £ -E NONE, ALGORITHH ‘ogee prea Liens ene a 
pes ie » or Virtua ress : 3 
-o detail, how t swore a regu memory in computer system ? Explain? ee Page 
| an i abei ko virtual memory ? (R.GPV, June pe. eD g EEEE ame 
Write short note.on virtual Bee s & : Numbers 


p’ Page Frame 
in Main Memory 


Page 
Mapping 
P} Algorithm 


(R.GPE ee 
GEK, Dee. 2006, b 2007, 2008, Dec. 2017, May 2018 3 


ea ; ‘Explain the cone PEPER, | 
Pee ee m oF viral memory with the help of example. 


Ei ~~ Deseribe the a uae i (R.GP.V., June ut ind 
B; concept of virtual memory, (RGR, June 201 j : 
r, -What is the use of virtual mem e 3 Ş 
; al -memory in E 
See “Y in computer system ? 01s ğ om 


Ngee E T o ERK peed 
o o STON and explain the virtual memory organiza y, pee ME Figa Mapping 
e j “Y organization, (RGR V; i ig. 4.20 Paging Systems in Virtual Memory 


| amet < Unit = iy 473 
, ne operating system. -Although the actual nik : 


, bY ras done by the system, the w ie 
go? ng out was a s he work of spt 


zC 
wP” odola 


E 


ver to the computer. 
Virtual memory. The 
Size of the program, 
nory available for it 
ty a perating system keeps those parts of the program currently in use in 


cach ‘virtual paz -of the virtual address space. .. memory, AN y : M program can run 
page a the vir BAONE Jet i a K machine by carefully selecting which 256 K to keep in memory ai 


Pape phe ere redd and virtual memory. (R.GP. K, June T instant, with pieces of the program being swapped between disk and 
ins Read Memory ~ Refer to Q.11. F” ry as required. i | 

Seat te [Memory — Refer to Q.47... - virtual memory can also work ye multiprogramming system. As an 
E EEANN E A ; - ams can eac si 256 K partition in < 
RLA What is meant by memory hierarchy in a computer system ? Aly sample. eight | M program ach be assigned a 256 K partition ma2M 
tin What is meant by associative memory and virtual memory ? 


sie | stack may exceed the amount of physical mer 


F emoy, with each program lacie as though it had its Own, private 256 K 
(R.GPY, D J cechine. Actually, virtual memory and multiprogramming fit together very well. 
» Dec, 201) ‘qhile a program is waiting for part of itself to be swapped in, it is Waiting for 
F (0 and cannot run, therefore the CPU can be given to another process. 

ifthe information in the address space and the memory space are each 
F Giided into groups of fixed size, the table implementation of the address 
* gaming is simplified. The physical memory is broken down into groups of 
F alsize called blocks, which may range from 64 to 4096 words each. The 
em page refers to groups of address space of the same size. As an example, - 
ifapage or block has | K words, then address space is divided into 1024 
pges and main memory is divided into 32 blocks. Although both a page and a 
block are divided into groups of 1 K words, a page refers to the organization 
address space, while a block refers 
} “the organization of memory space. 
The programs are also considered to 
{è split into pages. Portions of 
}?etams are moved from auxiliary 
"emory to main memory in records 
Mual to the size of a page. 
a US consider a computer with 
3 ie HEMI ara keene and amemo 
pir ‘Ans: Several yeni a Soma oho : (R.GPV., Dec. * tous K. If we divide each jinto.. 
"were 100 big to Bi in; nen people Were first confronted with programs wH® $ ș of | K words, eight pages and 

© 400 'Dig to fit in the available memory G on adopt $ ur blocks aire: atta; : 

‘Was.t split the program into pieces knoe ca aiy, thé solution wou 8-42] ay oeaned, as depicted 
begin rénning first? When ii was don Down as-overlays. Overlay 0 Y o EOU pam - At any given time, upto 
Overlay systems were highly complex % R would call another overlay. “ot: main m address Space may reside 


Anis. Memory Hierarchy — Refer to Q.3. 
Associative Memory ~ Refer to Q.19. 
Virtual Memory ~ Refer to Q.47. 

r 0.50. What is address space and memory space ? 


space. An address in main memory i 
The set of such locations is called the 


BST What is associative memory ? Explain the concept of addres 
A rual memory, A (R.GP.V., June 201 
$ ARE Referto 0.19. and Qi =" rans 

: Bagi 2 p Siral the need of virtual memory in the computer system! 
pone page. map table is organized in virtual memory system. 


Memory Space 
a 


$s Spc e and Memory 


Address Space 


w PA Pages of'ad 
Fig. 4.21 Addre: 
Space Split into 


rf Groups of 1 Words 


Pit ` s ; ; - Sighs si 


bar Architecture © 0 ees 7 OIE Be re 
oF aitdress Space tò memory space is facilitated ; fs 
‘Considered to be tepresented by two numbers ~ a na thy Vin 


Uw eeqice bit-ts 2 Ly the block numha TAn Taie 
pen te presence b ‘cha hack mimber thus read ia traneferras 
i i : af ch pigh-orser ea eros fe mory address register. The tine 
3 ine within the page. 41 computer having ZP words Thi, Pe gre E om the virtua! ac ae 5 ; 5 erted mto the. 10 tow-order: bits of 
ap oped io specify. + line address and the remaining high, Pa, ree! ir my address register. A rea Signa: to main memory transfers ab 
: ites specify the page number. In the example of dep f s j me e word to the man memory buffer register ready to be used by 
te fF bi ptet : When the presence bit m the word read from the Page teble is 0. it 
moe tt ; é 2 HY apil, ; a , p de : 
3 hits ofa virtual address will specify one of the eign eb pat the content ea p pa by the virtual address does 
“+10 bits give the line address within the Page, H Pay, ae in main memory. mets to the operating system is produced to 
CS ee eae Frere > 4 i f; ey en A 10n ™ 
“anty mapping needed is from a page number to a b] Pajf pe cyming computa 
Siny happing nes Ok mange pere 1 ; on? 
age Number Line Number 1” 53, What are paging and segmentation ? 


paging — Paging is a memory management scheme that permits the 

ee ddress space of a process to be noncontiguous. Paging avoids the 

i pe ble problem of fitting the varying-sized memory chunks onto the backing 
w 


Eosi nh which most ofithe previous memory management schemes suffered. 
gore, 


Se mentation — Segmentation is a memory management scheme that 

Fo address space of a single process into blocks that may be placed 

a roncontiguous areas of memory to reduce the average size of a request. 
mo 


E 0.54, Givea short note on virtual memory organization. What is paging? . 

| i (R.GBV., June 2014) 
"hat is paging ? Explain how paging can be implemented in to 

access Bic memory (R.GP.V., June 2009, 2012, 2013) 
Ans, Refer to Q.47 and Q.53. 


55. Wri ison between paging and segmentation. 
0.55. Write comparisor pag GR ine 20577 


Ans, The comparison between paging and segmentation is given below ~ 


Virtual Address 


Main Memory 


Main Memory 
Address Register 


ora eo Memon Paie Table WO Table 4.3 Comparison between Paging and Segmentation 
Ongena 5 422 Memory Table in a Paged System Segmentation 
eb anita of the memory. mapping table ina paged system is depict! Recuired 

sings abl hei Cightwords, one for each page. In for this techni 
ee da « the address denotes the w echnique Saad 
‘ives the block num page number and the content of the Single dimensional Multidimensional, 


Structure of memory 
viewed as 


+e et. 6 are now availabl i in blocks? | ; 
AT t : T i èin main memory yer ee 
OE r In each location, a presence bit indicates whether ™ Support virtual memory Renae 
í ansferred from auxiliary memory into main memory. $ Keep separate procedures da 
CPU refer tes that this page is not available in main mem K and data oat ned AA 
crees a word in-memory with a virtual address of 13 0% W oi 
at 


i : Suppor table whose size 
add In the memory page table, the cones «n Brow or shrink . 
ress is read out into the memory table b 


ynputer Architectore | gees Weake 3 OO UMW 183 
& Explain the principle of operation of paging scheme using, dati i 
T hardware support for paging is shown in fig. 4.23. Even $ 
Bako the CPU i divided into two parts —a page number Do z 
buis ümber. ig used as an index mto a page table TM $ 
é base address of cach page in physical memory y, Ref 


dita, b 


Page Frame 


e 


min ed with the page offset io define the physical memory a | ; ] re 
othe memo mi ry init. - ki 2 a 
gees a j : Physical 3 
me es Loge j Aildress, k w 
Page Table 
Frame Number 
We ese À 0 pi Logical Memory 
T Page Table Physical Memary 1] 4] 

AA a PRA ai RUA “Fig. 4.23 Paging Hardware A ; 
20,” The paging model of memory is shown in fig. 4.24. The page size is dega | bes 
Lien wy at eco! ie or 5 aes Page Table 
12: by the hardware. The size of page is typically a power of 2, varying betwen P 
| S12 bytes and 16 MB per page, depending on the computer architecture, Tk | 
me selection ofa power of 2 as a page size makes the translation ofa logical addres} 
; -intoa page. number and page offset particularly easy. If the size of Jogical addres 
fs “Space is 2 » anda page size ts 2° addressing units, then the high order m-n bis} Physical Memory - Physteal Memory 
Be bf togical address indicates the page number, and the n low-order bits shows tk Rtn s ' 
ke PAE offset. Thus, the logical address is as:tollows — Fig. 4.24 Paging Model of Logical Fig. 4.25 Paging Example for a 
Svat ; : n atata : * Pepè Nimber Paik Peera and Physical Memory 32 byte Memory with 4 byte Pages 
* a ji A ADET A 0.57, Explain demand paging and swapping. (R.GPY, June 2006) 


a i s o ʻi ; m-n- s : on 
3 where p isan index into the page table andd is th 
3 ; poi Før Example, consider the me 


Ans. Demand Paging — Demand paging simply means that each page 
‘fa process is brought in only when it is needed, that is on demand. With 
demand paging, it is not necessary to load an entire process into main 

mory, ; 


This fact has remarkable consequence. It is possible for a process to be 


Logi than i grammer must - 

ee : Ehi ll of mai Without demand paging a progr 

re Pee sto phys -is xd thE a ain memory. Withou : 4 

oe peal address 3 (page 0, offset 3) sh ‘nial ndiioasi HA a r +h te ay aware of how much memory is available. If program 1s pede ; 
i a o Ppaysteal address 23 (= ( wif e OB AMMer must devise ways to structure the program mie Pe 


€ displacement within the pag | 


> 


„according to pave t = | is map Fon tru fal ann and the 
rate OS address 4 maps 1o physical adess a4 C (6 x D*O | bnina eC OME at a time, That job is i for the operating SVEN ma 
l = if 3:13 maps to physical ac l 35 9 ; i basri Because process executes only in main meane that nie TOT: 


ags 


“di (et tae ws 
t 


ie no BET dgs 
on to produce the actual address. We can then 
aise rv. Thus, two Memory accesses are 


hain Memory = 
acess the dasiryi 


f h 3 Needed tr cn. 
: : $ nA me” age-table entry and one for the byte a 1o aseta a.byte 
b y pha eet - 4 p= g = = y eE. emory See 
c. Phesa ite brought in, one f p fot actor of 2. ¥ acdedy te 
See co nes aed by 4 eet i i i 
Spa ames 2 
isg, time as-space becomes, ; 
Rg aa eae ane 
šaihible: As processes, are. 


ed; they: move out of 
i memory: Now situation 


iss that fone of tie process iñ | (a) Simple Job Scheduling 

demory are in readly state. Rather Disk Storage 7 (Seam 

; Spee Main Memory = Physical 
Operating Memory 


System 


guie; This is a queue of existing 
process that have been. kicked 
outo the memory. The operating : 
ystem'then brings in another | _ Queve 
~ proeets from intermediate queue, 


<e> ge ithonours a new process 


ae request.from the Jong term Œ Swapping 


: - queue. Execution then continues Fie. 4.26 
With the newly arrived process. & 4.26 Use of Swapping 


Long-term 


Complete 
d 
and User Seah 


l Page Table : 
Fig. 4.27 Paging Hardware Support with TLB 
“The standard solution to this problem is to use a special, small, fast-lookup 
F gadware cache, called translation look-aside buffer (TLB). The TLB is 
a  gsociative. high-speed memory. Each entry in the TLB consists of two parts ~ 
} a key (of tag) and a value. The TLB is used with page tables in the following 


=O O (SE Discuss a M | 
KS MA paan the hah dware support for paging systems usm | way. The TLB contains only a few of the page table entries. When a logical: 
Py ae ee address is generated by the CPU, its page number is presented to the TLB, Ifthe. 
page number is found (known as TLB hit), its frame number is immediately 
available and is used to access memory. If the page number isnot in FLB 


(known as å- TLB miss), a memory reference to the page table ‘must be made. 
0.59. Write the description about the hardware requirement for 


-o Ans, Each operating system h 

= Most allocate a page table for e 
“= stored with the other regi 

> oo eOntrol-hlock,. 6 2 > 


i i nae i segmentation impl tation. 
: AS ae high, ne ae zo 5 Baa e as aisetof dedicated regis : A es eae i - d at program translation time by grouping 
$ ry high speed logic to make the Paging-address translation efficient ns. segments are formed at prog 


Nether logically related items. For example, a typical process may seni ve 

code, data, and stack segments. Data or code shared with other : save 
my be placed in their own dedicated segments. Being a A 

Mision, individual segments generally have different ae heat i ee 

„ements may be placed in separate, noncontiguous areas © oh ous ardas of 
` items belonging to a single segment must be placed in con Pu of bottt 
Physical memory. Thus, segmentation possesses some ppe a 


; _ The use of repisters:fag: 
~ Teasonably small (for exarar 
ie however. allow the page abe 
ish For these computers, the use 


Be table is kept in main memory, and a page-table bast 


eke: regu! pt as ent, 
Substantially reduces context-switch time. . “ontiguous and noncontiguous schemes for memory ach gaara has a 
S-appr : i 5 , p aai ents. 
approach is the time required to access 4" A logical-address space is a collection of Soe segment name and the 


ab ime and a length. The addresses specify both th each address: by 190. 
7 (eet within the segment, The user therefore Spee ar ye et ae 
Wantities — a segment ‘name and an offset. 


Y 
DGIS EE Jer 


ae a 


ARE PEE 


implementation, segments are numbered ang ! 
iber, rather than by a segment name, Thy rey, 


=the i S, i} 
two wple, : i i og, 


a; | 
4 


ofthe ES 
ye or timit) 


a 


=. ‘physital memory in segmented systems generally Fetaing ing Pash ps 
fi é address translation mechanism js Needag ling Fe rag syste , aei 
nal virtial-segment address into its unidimensigg e” Cone ji eer of shia a s from p 
atte ` E e- i segments ; 
! two-dim. wE are fixed size and SPET 


sign D ; lt ? What techni ; 
ne This Mar pol What is page fau CANIQUES are used to handle page 
© has a ge Ls © 


1 R.GEV, 
e and a-soginent limit, The segment base contains the startin, “8% et? Per 2000) 


' execution of a program starts. one í 
hereas the segmen AE. dns when the mo nA “et i set ee vore Pages are 
ka ling} red into main me ry g S set to indicate their position, 
{A 
Limit] Base |- 


Jor rogram iS executed from main memory until it attempts to reference a 


aging in an essential way. 


: P patis still jn auxiliary Ae T on conuition is known as page fault. If 
A P> fault bappens, the execution : the present program is Suspended until 
y needed page 15 brought ae a one pone loading a page from 
Piaf memory to main memory is basically an 1/0 operation, the operating 
allocates this task to the 1/O processor. In the meantime, contro! is 
s f ggsferred to the next program in memory that is waiting to be processed in 
si te CPU. Later, when the memory block has been allocated and the transfer 
E eonpteted. the original program can resume its operation. 

Physical Memory. Par virtual memory system, if a page fault happens then it signifies that 
F tengis referenced by the CPU is not in main memory. In case the main 
memory 1s full, it would be essential to remove a page from a memory block 
omake room for the new page. The replacement algorithm is used to select 
4 shich pages to be removed. The task of a replacement policy is to try to 
-$ emove the page least likely to be referenced in the immediate future. 


Page Fault Handling Techniques — The first-in, first-out (FIFO) and 
te least recently used (LRU) are the two of the most common replacement 
ikorithms, The FIFO algorithm chooses for replacement the page which. has 
} =n in memory the longest time. Each time a page is loaded into memory, its 
| “lication number is pushed into a FIFO stack. FIFO will be full whenever 
} tory has no more empty blocks. If a new page must be loaded, then the 
A Pee least recently brought in is removed. The page to be removed is easily 
{mined since its identification number is at the top of the FIFO stack. The 
“in advantage of the FIFO replacement policy is that its implementation i 
& -ie disadvantage ofthis policy is that under certain circumstances pages 

“moved and loaded from memory too frequently. . 
; t bath ie other hand, the implementation of the canaries 

7 pa Icy has been more attractive on the assumption recently loaded page 
q Rint 8¢ iS. a better candidate for removal than the sia oike a comter 
hey : The LRU algorithm can be implemented bY aehicenteds then its 
_ SY page whichis in main memory. If a page 8 i. 


ord Tenp: Addressing Error 
Fig. 4.28 Segmentation Hardware 


_ Af this offset is legal, it is added to the 
-> Physical memory of the desired byte. 


is more difficult. 
ne least recently 


tel ig- 29 shows the situation with 
‘4. The segment table has ; 


a separate entry for each segment giving the begin"? | 


| UR 8g > 
sc pete Pie ok Ue Via 5 one: 
gor she ste gin fig. 4.39, there are three fraries whic} 
Fey me had Faresi T \ aa Aaa AES 
ai S first three reierences C7, 0,1 t cage page Fan} 
Be pe > ` à ct réfora Cae: 
. fer “ait | „mpi frames. The next reference (2) replaces nage To 
aye ese € in first. Since 0 ts ae: 
aE go. gs brought in first. since Ü ts the next referenca and tb is 
eg FOO are 18 auli for this reference fee a, ANE 
m ag". ary so there t$ 80 fanii F this reference. The rsj reference 
ne ahi in ne! yO being replaced, since it was the first of the three pages in 
. p o ag . i "4 > io ee, Sa > ar 
piP o be brought in. Nowi the next reference ty O wili fault 


aly! 
(1? ed by page 0. This process continues as shown in fig, 


i reery a 
rari 


is, afa 


est 

ig then p faults altogether. i 
age replacement algorithm is easy to understand and program. 
“pe FART seformance is not always good. The page replaced may be an 
that was used a long time ago and is no longer needed. On 


ed 3 odule y a 7 a git ah 
te FE sition MOC contain a heavily used variable that was initialized early 


FP erhand, it COU 
AP, constant use. : Ree Ea 
Ags gorithm also suffers from Belady’s anomaly. We will study it. 
jsa ‘ ifthe physical memory size and the number of page frames available 

4] normaly per offpage faults should decrease. Due to this the performance 

k a E But this is not essentially the case if FIFO is used as the page 

bee t policy. Generally, this is referred to as Belady’s anomaly. Let us, for 

ake a reference string 2, 3, 4, 5, 2, 3, 6, 2, 3, 4, 5, 6. i 

31 depicts that with 3 page frames, FIFO gives 9 page faults. 


a 4 an le, 


= 75 + 19999925p 


pa „Mone access out of 1000 causes a page fault, the effective access time | OM the number of page faults increases when we increase the Le 
: Sheesh Sp AURI EAT = 75 + 19999925 x | "freee frames from 3 to 4 and becomes 10! This is clearly anomolous! an 
ne ; > E ao l 2 = 20,000,000 = 20 microseconds yen Se itin fig. 4.31. ` 

5 st : Q.63. Explain any page replacement algorithm with the help of examk | m 

us ry EE PR cis, Beet Powe (R.GPMV., June 2017} 4 

cote tne The various page replacement algorithms are explained as below- EN 

CI @) First-in-First-Out (FIFO) = The simplest page replacement - th 3 Page Frames 

algorithm is a FIFO digorithm. A FIFO replacement algorithm associates with Fig. 4.31 Page Faults with 3 Pag r ae 


_ each page the time when that page was brought into memory. When a pg | If we thoroughly see these figures, we can notice that the page 
+ must be replaced, the oldest page ig chosen. A FIFO queue is maintain to hold J**ase because in the case depicted by fig. 4.32, the page is teforoeed n 
ail Pages m memory. The pages arë replaced at the head of the queue. When 2"}""" as it js evicted in this specific string. This type of anomolous bebavost 
Pageis brought into memory, it inserts at the tail of the queue. {be rarely found for specific types of page reference strings. It docs not 


rapes “8S happen for all reference strings. 


om 6. 1 os EE i EOE C, pi i o : 
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‘ss lg. 4.30 FIFO Page Replacement Algorithm 
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Units fe cipe, 


2 ig about to be used. When ii then Puky fe pi ow 
rat PE piaces page 3 since, ef the three pages in memory ith toe 
a so oa recently used. This PROCESS. Cont uns as show p ini i i í z i 
tg PA pe i. er. e Le: i Cae. 
Aa E ie j7 faults SHOES i eae | 
à Ee : gi a ‘ ae ie t 4 T 3 § n SEP > : 

nce String Ue vee 3 ú , 2 


y Th RAS g ; i g 
pe bocanse 7 will not be used until reference pg R" E a g 5 g! gji 
dats. and page 1 at 14. The reference to page 3 han we g —s. 


i ray Peers ie laces p ae | e 
the last.of the three pages in memory to be reference SE pem" yj E E 
Jee faults, optimal replacement is much better th Ced an x Fig. 4.34 LRU Page Replacement Algorithm 


hick Had {5 faults. In fact. no replacement algorithm ia ou ý A > hough LRU is theotetically realizable, it is not cheap. To fully employ 


Mee string in three frames with less than nine faults, an Pros, E jg necessary to maintain a linked list of all pages in memory, with the 
Be et oF i E “oon Y ised page at the front and the least recently used page at the 
= 3.9 | 4 E E ; 3 E eee oe are a ie difficulty is that the list must be updated on every memory reference, 
mA f ee z 2 g 4 Ci z agein the list, deleting it, and then moving it to the front is a very 
: a ee Fi eee T o fi <$ ageonsuming operation. Either (expensive) special hardware is needed, or 
; ia = A Cores s bee 7 as 4 al gcheaper approximation in software. 


Meter es us NUMERICAL PROBLEMS 
Fig. 4-33 Optimal Page Replacement Algorithm a 
this ulzotithni is impossible to implement se itw SS Gees N : ; ; 
were ing aen to have ei aa a “eae i, e Prob. 10. An address space is specified by [6 bits and the corresponding 
“Serve as a standard against which to judge other algorithms. ri “nenory space by 8 bits. PENTRI a 
- fiti) Least Recently Used (LRU) — The LRU poliey is often ueda |, UO" many T ara PS A T 
-replacenient algorithm and is considered to be good. When a page fat - ah : TT OTP TPO aia decal eld ec E Sb OK 
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(R.GPHE, June 2015) 


= 16 bits = 216 = 64K words `. ` Ans. 
= 8 bits = 28 = 256 words Ans. 


a 


© Prob.II. The logical address space in a computer systema consists of © 
soviles with Gach page the time of that SoM tast use. When a page must}. ements. Each segment can have up to 32 pages of 4K words in ee 
at page that has not been used. for the long" ical memory consists of 4K blocks of 4K words in each. egies errs 

the optimal page-replacement algorithm look $: og and physical address formats. (R.GP.¥., Dec. 2005, dare. as 


J SL Logical address: “7-bits  5-bits 12-bits 


Segment | Page | Word | z Ama be 


1] Physical address: 12-bts12-bils 


i [ Block | Word | oer 


b : rA r oe RER" ss 
E doe tn : ` e an) a a i -: ju . 
ree è Ete i e: e = 


: Or 
, ; has an addres 
wal mt emory SY sstem S Space of 8 
A pitted words and page and block sizes of 1K sx 


p peet! by 32-bits and COrp 


Teo, 
di ‘ wo dy 
ERRE Parisin therë ii the addres Space > YE r&s, a memory 


$ ef es occur during a given ti rds. The followin 
ay wards, are there. in the memory spac o F pee once chang me interval fonly z 
s of 4K words, how many pa e$ s 9 rf if the: same page is referenced again, it is nog lee, changes 
consis BES and y jiste 42012614010235? ~ 
pee : (R.GP K, i ine the 4 pages that are resident in main me 
wes 32 bits: June 204 peter™ e change if the replacement algorithm aii rig after each 


nce 
mber of vai in dhe.address space jal : shel oN ) FIFO (ii) LRU. 


(R.GPL, J 
32 = 4096 M words ; une 2010) 


oof We ES re 


Page in N P > a Ppr in|C ee Page i in | Contents 
Memory i, Le ity Memory FIFO 


Tait nu 
i K 


3 ‘soos space = 24 Bie 
m Telos man numberof. words in memory: space 
=2?%4=16M words 


Page 
Reference 


(0. How many words are there in the address space ? A0? 


1023 
0235 1456 
2357 1467 


Prob.15. A virtual memory system has 6 K words of address space and 
“3K words of memory space. Page references are made by CPU in the 
following Sequence — 

3, 2, 0, 3, 4, 1, 2, 2,0 
Find out the pages that are available at the end if the replacement 


1246 


Hii): Hor many words are there in the memory space ? Ae 


. filly. If a page cansists of 2K words, how many pages and blo d j TA 


T AM. = 1024 K pages - 4201 | 0124 | 4201 > 
0 aK : 3 4012 | 0124 | 4012 pet 
ES ce 0126 | 0146 ry 
ry tia ia cee Any : 0261 | 0146: 
i if 2614 | 0146 
“peed An addtess space is specified by 24 bits and the area a 6140 0146 
ssa 16, bits. | | 6401 0146 
oath ts en 6410 | 0146 
k? 
g 
5 
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Or - , 
Ah wales space is specified by 24 bits and the coils o Miur memon, 
‘Space’ ‘by 16 bits. How many. words are there i in address space and how mar 
wedy are there in memory space ? — (R.GPM, Dec. 200) 


5 Sok. i) Address space. = 24 bits’ =224 = 16M words Aus. 


cea i (iii Memory space = 16 bits = 2'®= 64 K words Ans- | algorithm used is (i) LRU (ii) FiFO. 
are EN BME | Assume the page and block size of 1 K words. (R.GP.V, Dec. 2010) 
gee Mian 0) ce E oy AMT. Sol, so 
et D A aR RS 
reece! ey i Ant 
cs 32 Dicks ; : 


Page in Contents Page in | 
Main Memory | of LRU | Main Memory of FIFO 


e teference charg oči 
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ence 2 change. if the faces alvorit -= $ 
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the following puge reference string — 
BUSGBEZITGB2 2g 
mber that all frames are initially e 


a t page faults altogether. 


| g.1. Explain the parallel processing in short. (R.GRV, Dec. 2005) 
rA = N i Or ‘ i : : 

Write explanatory note on parallel processing. (R.GPV, 

| What is parallel processing ? Explain the significance of parallel 
o Mia i (R.GP¥, Dec. 201 


4m. Parallel processing is an efficient form of information processing 
„hch emphasizes the exploitation of concurrent events in the computin 
process. Concurrency implies parallelism, simultaneity and pipelining. Paralle 
rents may take place at the same time instant; and pipelined events may take 
place in overlapped time spans. In a computer system, these concurrent events 
j © attainable at various processing levels. Parallel processing deman 
‘current execution of several programs in the computer. It is in contrast toi 
4 “duential processing. It is a cost-effective means to improve system — 
“| Performance through concurrent activities in the computer. 


4- Parallel processing can be seen from various levels of complexity. Att 

i oa level, it is distinguished between parallel and serial operations by the 

: ge of registers used. Shift registers operate in serial fashion one bit at a time, 1 
: s with parallel load operate with all the bits of he a s 
Í bain Nite At a higher level of complexity, parallel shee dea 

je cin by having a multiplicity of functional units which p ia wari 
+ ty Operations simultaneously. By distributing the da je 
„ P€ functional units, parallel processing }s established. As an examp 


3 ei logic, and shift operations can be separated into three i mi 
$ Sa diverted to each unit under the supervision of 8 AEn p 
. “NC Possible ES : execution unit imo eight um 
Possible method of separating the execution u he registers 


*Perating in Parallel is. shown in fig. 5.1- Operands ag 


fe < SSR 
Cae hike Sk 
ire et we 


{Gating-pint operations ATC Memory 
mo three circuits operating 


‘Logie. shift, and increment 


j : Control Unit 
PU : Processor Unit 
MM : Memory Medute 


Processor Registers 


i . SM: Shared Memary 
k’, e ermed TA Floating. : a š : Py oa 
Jace da. Ait se Sine 
on MUren Gala. 


! DS : Date Stream 
REST oiy Sse dent of cach other, therefore | 


F loating-poin i 
ode number çan be shifted while another 


Multiply 


hainber is being incremented. Generally, 


ullsfunctional. organization. is 
oéinted with « complex control unit k 
coordinate althe activities among the Fig. 5.1 Processor with Mulige $ 
OTIS RA The ACI ARE a. Functional Units j 


mputers, x $ 
(R.GP.V, June 2011) 
Or 


What is Flynn’s taxonomy? (RGPV, Dec. 2015, June 2014 
Ans Computer organizations are characterized by the multiplicity of te | 


latGware provided to service the instruction and data streams. Listed below 4 
ate Flynn's four. machine organizations — > | 
O Single instruction stream-single data stream (SISD) : 
< Gi) -Single instruction stream-multiple data stream (SIMD) d 


dii) Multiple instruction stream-single data stream (MISD) 


-fig 5.2. The categorizatio 


een the processors and the memory bidirectio™ he: 


‘ey T (d) MIMD Computer 
can be employed in the shared memory subsys! 4 


as eaten eee ŽES Flynn's Classification of Various Computer Organications `. 


ich operates concurrently with all othe 


so Organization — Fig. 5.2 (a) « ie $ iha 
Organi 8.5.2 (a) Showy Tsegmenis. Acpipeline éan 


S ; ent W 


REIES TS 


sais usectin most serial computers availa S thi, | Sen as a collection of processing segments through which binar 
gqueritinily but may be overlapped in their Lan v pam tion flows. Each segment does partial processing dictated by ih "eF 
SISD uniprocessor systems are pipelined, ction fof ft partitioned. The result achieved from the computation in on Sea way 
, n Sisy pe ferred to the next segment in the pipeline. The final result iz e 


mare ihan one. functional unit in it. One cont, 
he units: o ‘ ol Unig i # arth data have passed through all segments. This process is named ‘pipeline’ 
ae : Computer Organization - This Sliss‘is TON qe sea flow of information is analogous to an industrial assembly ER 
ii corespònds {9 array.processors. As shown in fig 5 ted in 1 ine has the characteristic that many computations can be in progress į 
esing elements supervise 7S 9.2 (by BEE ents at the same time. By associati tbe ee 
ocessing elements supers ised by the same contro] unit asa ggtinct segme P > crating a register with each segment 
ats receive the same instruction broadcast from the conl 4 a the pipeline, the overlapping of computation is made possible. Registers 
‘gin different data sets from distinct data streams. The a A vide isolation between each segment so that cach can operate on distinct 
em may. have multiple modules. Further, the SIMD nak 4 jata simultaneously. F i 
divided into wori -sice versus bit-slice modes. es | The most simple way of seeing the pipeline structure is to imagine that 
$i} MISD Compater Organization > This organization ; Ee „ch segment has aninput register followed by a combinational circuit. Register 
nce dually shown im fig. 3.2 (@). There are ù processor units, each re ceiyi EY holds the data and the combinational circuit performs the suboperation in the 
distintt instructions operating over the same data stream and its dletivatic: d particular SCEN ent. In “= poe senor the output of the combinational circuit 
“fis results (output) of one processor become the input (operands) of the ies “| jsgivento the input register of the next segment. A clock is given to all registers 
cessor in the macropipe. ‘This stracture has received much less attention _ afer enough time has elapsed to perform all segment activity. In this manner, _ 
‘and has been challenged as impractical by some computer architects. No regji fie information flows through the pipeline one a s% a 
embodiment of this class exists. = Cees a T$ sep at a time. We demonstrate the pipeline 
eee _ (iy) MIMD Computer Organization — This organization is shown jpe zation EE E cee 
jn fig-5.2 {d). Most multiprocessor systems and multiple computer systems or 
SA be classified in this category. An intrinsic MIMD computer implies | prune Mar we want- tpaperkorm the 
interactions among the -processors since all memory streams are derived | mbing multiply and add operations with a 
fromthe same data space shared by all piocessors. If the n data streams were | Sam of numbers. i 
d from disjointed subspaces of the shared memories, we would have Ai* B+C  fori=1,2,3,...7 
ated multiple SISD (MSISD) operation, that is nothing but a set ofn |. Each suboperation is to be implemented in 
E-SISD imiprocessor systems. If the degree of interactions among — a segment within a pipeline. Each segment 
į “ttains one or two registers and a combinational 


epwise, wer J “cuit, as depicted in fig. 5.3. R, through Rs 

ntes ysely -1 l : 3 2 ARS which receive new data with every peti 
Pa eee aL ar oy f 0k pulse, Multiplier and adder are Fig. 5.3 Example of 
ee mean by parallel processing ? Write the Flynn* “| "mbinational circuits. In each segment of the Pipeline Processing 
{PPeline, following suboperations are performed — 


parallel RI Aj, R2 + B; .- Input A; and B; | 
2013) © R3<— R]I*R2, R4 <Ci Multiply and input C; 

Ao o RS R3+ R4 Add C; to product = o 
Q 5 The Five registers are loaded with new data every clock pulse. Table 5.1 shows 
2: Re 4 effect of each clock. First clock pulse transfers Aj and B, into RI and R2. 
ai ond clock pulse transfers the product. of RI and R2 into R3 and into R4. 
PS cers ty mal hate pulse transfers A, and B; into Ri and R2. Third SS en 
Pree eaea e Sc sential process Me fa hree : into RI and R2, transfers. 
As ERTS of decomposing a sequential Preaicated 3 te segments simultaneously, It keeps A3 and By 4 and keeps the sunt of 


i sibprovess ‘béing'execated in a special de Product of RI and R2 into R3, transfers C2 into RA, 


Re i 
aes gates oe 


a os l E Ro adi O 


Š pi ; ron fii up the pipe and retrieve the first o 


. ioe ae tpu 
gee Glock pulses. From there.on, cach clock genera l 
È ne step dowr the pipeline. This Occurs ae o 


ailable, On 


sein. Ifo more input data are ay 
cays a uput emerges out of the Pipeline, 
t óf Registers in Pipeline Example 
cat T Segment 2 Segmen 3 

; R3 | R4 ER 


A2*B7 Ai*By+C, 
Age Bs) Ca | Ao*B, +C, 
Ag*By | C4 | A3*B3 +C, 
As*Bs | Cs |-A4*B4 +C, 
Ag* Bg K A5* Bs +C; 
A7*By C- Ag* Be +C 

— pe A7*By +C- 
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‘Or 


ie 


‘os 
i 
5, 


ste hes 


sh stage, but a 


24 ihe pipelines thes, 


T Draw the diag am for a pipeline processor structure. Explain the 4 
of à lotus or input register and processing circuit within a segmen, 4 
ees l (R-GP.V., June 20% 4 i. 


ic Structure of pipeline processor. (R.GP.V., Dec. 2014) m 
TA ‘A: pipeline: processor. consists of a sequence of m data-processing 
cunts Called stages or segments, which collectively perform a single operation, 
Stream of data operands passing through them. Some. processing takes 
final result is obtained only after an Operand set has ` 
the entire pipeline. As shown in fig. 5.4y/a stage S; contains a. 
i register or latch Ri, and a datapath circuit Gy that is usually — 
| S hold partially processed results as they move through 
Serve as buffers that prevent neighbouring stages from - 
ther. A common clock signal causes the R,’s to vette 4 
h R, receives anew set of input data D; _ ; from he 4 
h on i 


sa habe - 


URE BBE 
ie stage S; Ey except for R whose data is supplied fiom ani exon na 5 
pean represents fhe results computed by C, <; during the preceding, F 
: an “rod. Once D; _; has been loaded into R, C; Proceeds to use D. ig: 
a oe a new data set D,. Thus in each clock period, every stage transfere 
k e revious results to the next stage and computes a new set of results) | 
ages ; - ATER a Ae gs : Ps e 
Boge Explain throughput in relation to pipelining, R.GEK, Jane 2010 oo 
Ans. The objective of parallel processing is to speed up the computer 
4 srocessing capability and increase its throughput, that is, the amount of 
i srdware increases with parallel processing, and with it, the cost of the system 
j “gcreases. But, technological developments have decreased hardware costs to 
i he point where parallel processing techniques are economically feasible. 
I Q.7. Explain the term speedup in relation to pipelining, 


| (RGRK, June 2010) 


- e o R - 
Derive an expression for speedup ratio of a pipeline processity, = = > 
: ' (RGP¥., June 2014) 


equal to t, to complete ` 
- The speed of a pipeline - 
essing over an equivalent nonpipeline processing is defined by the ratio 
nt 
E. S = BERENE. ah FOP 
M- Be (kK+n-Ht, g ES = f 
As‘the number of tasks increases, n becomes much larger than k- and. 
K+n-L approaches the value ofn. Under this condition, the speedup becomes: 
T ta 5 Pr nit RET 
tp rt 2 oe 
_ If we assume that the time it takes to process a task is the same in the: 
Pipeline and nonpipeline circuits, we will have t, = kt,. 
Including this assumption, the speedup reduces to 


_. Ans. Consider a nonpipeline unit that takes a time 
each task. The total time required for n tasks is nt, 


kt TEN i a et 5 4 
ae & Pere an rae 
ia a p È mai £ > l i a ES ` 

| This Shows that the theoretical speedup that a pipeline can provide is 
: Where k ig the number of segments in the pipeline. einan ae 


Q.8. Prove that a k-stage linear pipeline can be at most k-times fäster- | 


f 


sats a fen that of non-pipelined serial processor. (R.GRV., Dec. 2006; 201 ee 
‘out |. Ans. Consider the execution of m tasks using a k-stage pipeline. In this 
4 fitst task -will be completed after k-clock (because there are k-stages) md- 


; i 'emaining m — 1 tasks are shipped. out at the rate of one task. per Pipeline F 
i pey Therefore, k + (m—:1) clock periods are required to complete mtasks: | 
og 8a kstage Pipeline. If all m tasks are executed without any overlap, mk: : 


E is The haviour oa pipeline canbe lsd with tesa 
a “time diagram shows the segment utilization as a function of tiine The 
5 aot rime diagram: of a four segment pipeline i is Shown. in fig. 5.5 (b): 


Theh orizontal axis in fig. 5.5 (b) displays the time in clock cycles and the 
vertical axis gives the segment number. The diagram shows eight states T; 
oF roost Te executed four segments. Initially, the task Ty is-handied by 
F ment |. After the first clock, the segment 2 is busy with teal Ti and 
ent TÌ I is po with task Ta 


kate ak task fas to pass through af k 
ipeline can be shown as follows — “Hage 

ie : af clocks required when there is no Overlap 
at tocks manie when tasks are overlapped į ng ins 
apoa inf nity) This implies that the S 
cimed: out using an k-stage ee ak-fold increas, 


ort which m ihe performance of pipelining 4 - 
p (RGPY, Dec. 2010) | 
pi sac; po nda byi its throughput in terms 3 l 
si instructions executed per second or MIPS. Another popular 3 
mance is-the number of clock cycles per instruction or CPI. 
are. felated by the ogee 3 
S RA naag : $ 


(a) Four-segment Pipeline 


Clack Cycles —» 


RU ER EN ES ESKS ESE OCOO 
ftp [te [3 [Ts nun] t 
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(b) Space-time Diagram for Pipeline 
Fig. 5.5 , 
This process is continuing in this manner, the first task Tiis completed 
} after the fourth clock cycle. After fourth clock cycle now, pipe completes one 
} sk every clock cycle. Thus, no matter how many segments are there in the 
system, once the pipeline is fall it takes only one clock porog to obtain an 
+ output. : 
Consider a K-segment: pipeline with a clock cycle time t said to execute 
4 Masks. The task T} requires a time equal to Ktp to complete its operation. ed 
sa 4 "mining n-1 tasks emerge from the pipe at the rate of one task per ¢ ock 
on time for nm 4 ge pip 
sea some: larget’ sodila on a ilan 3 ĉycle and they will be completed after a time equal to (n— 1) tp- Therefore, far 
ion time for the same workload on-a S 2 ompletion of line requires K + (n~ 1) clock 
itis reasonable to assume that T(1) < mT(™). in n of n tasks using a K-segment pipeline req 
sume. tha : Tis, Thus, the time required to complete all the operations of space time 
ae ) howing goresen] in fig. 5.5 (b) is-4 + (8 ~ 1) = 11 clock cycles: aes 
sno a 
stems a four cece 3, 2008) O11, Draw a space-time diagram of a six segment pipeline ME 
pl mms a PE REY gae a etime it takes to process eight tasks. . (RA GPV; June 2014) 
ne is Howe in fig. 


“Ans. The space- -time diagram ofa six, segment pipe 
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age arcs the can n be determined experimentally aa processing ‘ ; 
ntative. popan. The maximum vg of CPI fora i i 
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he ent 
of the {wo ti ssas: 


itis worthnoticed that the shift must be designed as 2 combinational 
sircuit 10 minimize the shift time In segment 3, the two mattissas are added | 
r subtracted. The result is normalized in segment 4. If an overflow takes 
glace, the mantissa of the sum'orndifference is shifted right and the exponent 
J ewe by one. When an underflow takes place, the number òf leading 
ros in the mantissa determines the number of left shifts in the mantissa “i 
he number which must be subtracted from the exponent. 


hat pipeline speedup | ? Draw a space. time diagram for q Six. 
? ee the fime it takes to process eight tasks, 


(R.GP.V., Dec. 2012) ` 

w 4. Exponents . i Mantissas -— 

me yen lei a arithmetic pipeline? inal "i r 
- (R. GEPF., June 2015) 


Or 
tuplan ar arithmetic i fig: ea (R.GP.V., June zor) d 


Ans. Anarithmetig pipeline divides an arithmetic operation into ee 


a Compare Difference 
- 7) Segment I: Exponents 
rh by Subtraction 


Align Mantissas f- 


; storms et and similar calculations encountered in scientif Mig 
A pipeline multiplier is necessarily. äri array multiplier with special adders designed Segment 2 : 


Add or Subtract 


; to reduce the carry propagation time through the partial products. Floating-point ; : i 
tions are easily devomposed i into suboperations. 4 Mantisa 


Segment 3 : 


1 n Draw and. en the abs cakes far floating-point addition and 
(R.GPV., June 2011) 


Normalize 
- Segment 4: “} Reat o fA 


arc: two fractions which fepresent the mantissas and, 3 and > g. 


As depicted in fig. 5.7, floating-point addition and subtraction : mir 
ae oie — n four Ségmenits. The registers represented by R are Ma ‘ Fig. 5.7 Pipeline for Flodiing-point Addition and Subtraction 
2: the Pe followin to store intermediate results. Te su uboperations f io The suboperations performed in each segment are explained by ihe seat 

; 5 "merical example. For simplicity, we use decimal numbers, point numbers - 7 

7 “letsto ienis, Assume the two normalized floating poin numbers ~ 


X= 9.9904 EA gerd ie 
Y= 0.8200 7 10°. hg Taag nO 


É Š 


= 


{fap exponents are subtracted to achieve 


5 of ¥ to the tight to achieve — 
x 0.9804 = 10° 


Oy 80.0820 E 

og feo: manlissas under the-same exponent. In sẹ 
je two mantissas generates the sum ~ 
ey Ee AES AD 

Jogcthe result, the sum isadjusted so that it has a fraction with 


&Menzt 3 


wes 


ey eee 


ating the exponent by ane to achieve. the normalized sum 
oe en. £ 040324 » 104 
ag-paint pipeline, the comparator, shifter. adder-subtracto, 


hy = 100 as, 1, = 0 ns, and the interface registers have a delay of t, = 10 ns. The 
dock cycle is selected to bet eh +h= 110 ns. An equivalent nonpipeline floating. 


“pao adder subtractor will havea delay time t, = t+ tz +t; +14 + t, = 320 ns. The 


73 


arganisason of an arihmeri pipeline. (RGPV, Dec. 201) 


efte QA aid Q.4, 
Q15. How the pinetine processing is done in an instruction pipeline? 
wit timing diagram for four segment instruction pipeline. 


Hri short nate on instruction pipeline. (R.GP.V., Det. 2005, 2013) 
tas. «An instruction Pipeline operates on a stream of instructions by 
i the fetch, decode and execute phases of the instruction cycle. An 
Pipeline reads Consecutive instructions from memory while previous 
are being executed in other segments. This makes the instruction 


x % 


Cine Bp and cherie phases to overlap and perform simultaneous operation’. 
T ak -dig ession associated with such a scheme is that an instruction 
pats or brane} CA out-of sequence, Jn -such a case, the :pipeline must be 


2 
awe A ON; 
aiiiar Lb Pete y 


all the instructions which have been read from memory after "° 


muse dicared. 


t 


atiran instructior fetch unit and an instruct? 


x 


dostriction fetch segment.can be implement 
fons a queue tather than a stack. Wheneve! 


ig selected as the exponent of the result, p `} 
Oe he EOE 
a ae pu 
4 paruch 
ro first digit. This is acco mplished by shifting the mantissa once tthe 


gad decrementer are implemented with combinational circuit < 
that the time delays of the four segments are t; = 60 ns, ty = 70 ns 


spipelinied adder had a speedup of 320/110 = 2.9 over the nonpipelined adder 
GES What is pipelining ? What is the need of pipelining ? Explain the 


(R.GP.V, June 2005) 


4 


Provide a two-segmen pipeline. By means of a fits 


Unit 0 267 
unit is not using memory, the control increments the program counter 


ddress value to read consecutive instructions from memory: 


Ss ation 
ey ypes its a S 
ons are fed into the FIFO buffer to be executed on a first-in, ‘first-out 
e, an instruction stream can be kept in a queue, Waiting for decoding 
h ; rocessing by the execution segment. The instruction stream queuing 
ast anism provides an efficient method for reducing ‘the average access tiné: 
memory for reading instructions. Whenever there is space in the FIFO buffér. 
A control unit starts the next instruction fetch phase. The buffer works fike-a’ 
queue from which control extracts the instructions for the execution unit. 

Jn addition to fetch and execute. phases, computers with complex. 
instruction need other phases to process an instruction. completely. In the 
most. general case, the computer requires to process each instruction with the 
following sequence of steps — i 
(i) Fetch the instruction from memory. 

(ii) Decode the instruction. 

(iii) Calculate the effective address. 

(iv) Fetch the operands from memory. 

(v) Execute the instruction. 

(vi) Store the result in the appropriate place. 


is, Hene 


k The instruction pipeline does not operate at its maximum rate due to 
“corain.difficulties. Different segments may take different times to operatè on. 
the incoming information. For certain operations, some segments are skipped. 

Asanexample, a register mode instruction does not require an effective address 
calculation. Two or more segments may need memory access at the same. 
lime, causing one segment to wait until another is finished with the memory.. 
By using two memory buses for accessing instructions and data in separate 
modules, memory access. conflicts are sometimes resolved. In this manner, : 
an instruction word and a data word can be read simultaneously from two 
-$ ifferent modules. ee ee Aer : 
{ __. Ifthe instruction cycle is divided into segments of equal duration, then design : 
4 an instruction pipeline will be most efficient. The time that each step takes to 

$ mplete its function depends on the instruction and the manner it is executed. 

wich our Segment Instruction Pipeline — Suppose that the decoding of the 
_“Tuction can be combined with the calculation of the effective address into. 
one Segment. Further, it is assumed that most of the instructions place the: 
= into a processor so that the instruction execution and’storing of the 
j Ut can be combined into one segment. This reduces the instruction pipeline 


0 four Aiinentes cee eii ypg vital A BY ermi a 
: sae tocessing of the instruction cycle in the CPU with a fourtsegment pipeline, 
Own in fig. 5,8, At the time of executing an instruction in segment 4, the. 


À dogneice is busy fetching” an operand from mem 


instructions. säh be fewbed and kept in an instructi 


ations in the instruction cycle can ©verlap and 
upt 


y of Feteh Insiraction 
~ {>from Memory ` 


Decode instruction 
and Calculate 
Effective Address 


Fetch Operand 
`- from Memory 


Fs 56  Fourseqment CPU Pipeline 


PA a Gave is A: while, an. instruction i in. 


ihe se r control 
. pe. hichi. causes. a brinch out-of BEE PR ares 


normal sequence, In such a case, the 


-penig opetations i in tte last two segments.are completed and-all information | 


Stored instruction buffer 

hiw penin stored i j izi deleted. Then; the pipeline restarts from the 

an in se a ta am counter Likewise, when acknowledged. 
Ben the: ripelos fo emply and start again al a 


` mt 


he ‘grightactle ciréuit, the effective address can be A MOry ip a: 
ipg, and whenever the memory is available, the fourth! tq: 
a 


nd 
On F IFÒ, 


igsnction ean be m progress of being processed at the Si 9 
tiga a Me 


a yorizon 


i address. 


ie ee E oes, Agee namo RL 
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Fig. 5.9 Timing of Instruction Pipeline 


The operation of the instruction pipeline is shown in fig: 5.9. In the 
tal axis, the time is divided into steps of equal duration. Four segments 
ted in the diagram with an abbreviated symbol. 


(iy Segment,FI fetches an instruction. 
(ii) Segment DA decodes the instruction and calculates the effective 


(iii) Segment FO fetches the opéra; 

(ivy) Segment EX executes the instruction. 

- Letus consider that the processor has separate instruction and data memories 
that the operation in FI and FO can proceed at the same time. If a branch 


© instruction is absent, each segment operates on different instructions. Hence, in 


step 4, instruction 1 is being executed in segment EX; the operand for instruction 
is being fetched in segment FO; instruction 3 is being decoded in segment DA; . 

and instruction 4 is being fetched from memory in segment FI. 

Now, consider that instruction 3 isa branch instruction. As soon as this 
instruction is decoded in segment DA in step 4, the transfer from FI to DA 
ofthe other instructions is halted until the branch instruction is executed in 
sep 6. In casé the branch is taken, a new instruction is fetched in step 7. 

When the branch is not taken, the instruction fetched previously in step 4 
an be used, Then, the pipeline continues until-a new branch ingtruction i is 
j countered. 

‘In the pipeline, another delay may take place, if the EX segment requires 
{© Store the result of the operation in the data memory while the FO segment 
4"uires to fetch an operand. In such a case, segment } FO must wait until 
{ement EX has finished its operation. 


Q. 17. Draw a jour segment instraction pipelin 
(Ceran Or ; 


ne. ay dite the timing 
RGE V, June 2010) 


- Drawa fönk segment pipeline. £ oQ GP Vi, June 2614) 
Ans + Refer ta Q.16. aoe 


aioe ee 


as is oe - 4i 4 Bt TA 


rj brmed i in- each segment. 


Ans The pipin rast have more stages to gain speedup. Fig 5, 10. 
+ Sage instruction pipeline fora computer: The decomposition Of} 
Eein ne sig sajar 19:8 follows — 


Ns | 
Stry “ction 


> Update PC 
Empty Pipe 


Fe. 3 20 Six Segment I Instruction Pipeline 


5 ib Decode a 


i 3 (ity Citelis Operands - CAleulate the effective address of each ` 
5 JS0nrce operand, ‘This may ‘involve displacement, fegister indirect, direct 
g ar other Tormis of address calculation: 


= Gv. Fetch. Operand — Fetch 
in i registers: Reed. not be: fetched. * 


ee). Execute Instruction 
the result, ifå aay: nthe. 


each ‘operand from memory: Operant 


tore ` 
iem the indicased operation 2 and 5 


specified destination operand location. 
"6 ob Write Opetand: ~ Store the result i in memory. 


BY 
asit. 


. & 


“<a gtlows ~ 


J io n pipeline. Fhe number of arithmetic pipelines varies fi 
hy processors. 


bf 
t 
{ 


O Petch Instruction ~ Read the next expected instruction intoa < 


y 


= Determine the opcode and the operand 5 


4 


Ut v 


y 


oo 18: pall instruction and l arithanetic Pipeline, ey 

et | Or. RaRK, June 2014) 

_ pigerentiate between arithmetic and instruction Pipeline 
(RGP, June 2016) : 


4 ns. The differences between instruction and arithmetic ‘Pipeline à 
: I as 


(i) Instruction pipeline iS used to process all insthuctions, w 
j inmetic pipeline is used to process arithmetic type 
A sition, subtraction, multiplication, ete. 


(ii) All high performance computer are now e 


hereay 
instructions meh as 


quipped Ww ith 
rom proc CSSOFS 


(iii) in instruction pipeline, the execution of a stream ot instructions 
dean be pipelined by overlapping the execution of the current instructions. An 
A adthmetic pipeline divides an arithmetic operation, such as a multiply, into 

T mtiple arithmetic steps cach of which is executed one-by- -one in different . 


i stages in the ALU. 


- 0.20. What is the difference between instruction pipeline and artihinetic: 


i “dine ? What are the advantages of pipelining ? (R.GRK “ Dec. 2006) 


Ans. Refer to Q.19. 
Aivantages of Pipelining — , 
(i) Pipelining offers an economical way to realize temporal 
d parallelism ir in digital computers. i 
(ii) Pipeline processing has led to the tremendous improvement of 
ystem throughput in the modern digital computer. : 


0.21. What are different conflicts that will arise in pipeline ? How do. 
10 remove the conflicts. ? (R.GP¥., Dec. 2012) 


Ans. The difficulties that cause the instruction pipeline to deviate from its $ 
iomal operation are called instruction pipeline conflicts. There are three aa 
{aori instruction pipeline conflicts, which are explained as below ~ 


se 


a 
— These conflicts are caused by access. ce 


(i) Re j i 
) Resource Conflicts ~ f these conflicts can. be 


“Memory by two segments at the same time. Most © 


| 
i 


A 
9 
E 
nl 


solved by using separate instruction and data memories. 


(ii) Data Dependency Conflicts - — Such oon ie an ; 
isi ituction depends on the result of a previous instruction, but thi 


"ot yet a available. 


she oatadey Wilh 


E ational branch always changes the sequential program saw. ae 


We 23 We 
$- at 
cont iy ge bee av ace 


Pie hate A Y 


tos yije 2 ; zi fa hel an Inst 2 fn : DWA j i : l 
ty w Fen collision ot data or address. If an instr on oo “nl branch, the control selects the target mstruction if the condition ir 
ER : jous instmictions did not complete certain o ia po gor the next sequential instruction if the condition isnot satisfied, The 
ico previo lohs $; 


n dase place: A data dependency takes place when an instrucys 4 chinstruction bere oe Sequence of the instruction stream, causing 
cs yet ayailablé. As an example, an instruction in the Ong wiculties in the operation of the instruction pipeline. In pipelined computers, 
Fond s hardware techniques are used to reduce the performance degradation 


the san 28 arijo ; i 
iaa, i d bY instruction branching. 
j lon 4 a ý 


puao 


e 


pipetined computers in's variety of methods. - Another approach is the use of a branch target buffer or BTB. The BTB 
© We simplest wehnique is to insert hardware interlocks. A circuit thp 4 sn associative memory included in the fetch segment of the pipeline. In the 
Baines instructions whose source operands are destinations of instructions | gtB, each entry has the address of a previously executed branch instruction - 
= Barthes up in the pipeline, is called an interlock. Detection of this situation | snd the target instruction for that branch. In addition, it also stores the next 
=< gausis the instruction whose source is not available to be delayed by enough i few instructions after the branch target instruction. If the pipeline decodes a 
K “glock cycles te: resolve the conflict. By using hardware to insert the needed $ instruction, then it searches the associative memory BTB for the address 
oh delays, this ap pron ch maintains the program sequence: | ., In case it is in the BTB, the instruction is available directly. 
bbe By. hE gS Sharia om TE approach that uses special hardware to | and ptefetch continues from the new path. When the instruction is not in the 


o delet a conflict and then avoid it by routing the data through special paths BTB, the pipeline shifts to a new instruction stream and stores the target 
; instruction in the BTB. This scheme has the advantage that branch instructions 


5 _ between pipeline segments, As an example, instead of transferring an ALU ; f E i 
-result into a desunation register, the hardware checks the destination operand, - which have occurred previously are readily available in the pipeline without. 
Be 4 interruption, 


‘: and i it is required as a source in the next instruction, it passes the resul! pig E seth 
The loop buffer, a variation of the BTB, is a small very high speed register 


i: directly mta the ALU input, hy passing the register file. This technique needs | 
file maintained by the instruction fetch segment of the pipeline. If a program 
op is detected in the program, then it is stored in the loop buffer in its 


‘“aiditions! hardware paths through multiplexers as Well as the circuit which - 
tntirety, including all branches. The program loop can be executed directly 


mithout having to access memory until the loop mode is removed by the:final 


“ae -iir some tompiters, the responsibility for solving data conflicts problems _ 
~ Ssgives'to the compiler which translates the high-level programming languag? 
_ fno a machine langusge program. l | 
Toe Compiles far Such computers is dêsi _ Pea ta conflict mi3 In some computers, branch prediction procedure is used. A pipeline with ` 
- -Feonder the instructions as n os yds ee t m mete! sopat «ng daa 4 Ach prediction employs some additional logic to guess the outcome ofa 
eT te rns aS necessary to delay the loading of the conflicting ga... . itio eA ai 

; by inserting nO-Dperdiion instructions. This trohnicue is known as delayed load. & kis tonal branch instruction before it is executed. Then, the pipeline starts 
ees: * dii Branch Bibbcines:, ja ' q l é i Pi e etching the instruction stream from the predicted path. A correct prediction 
ather instructions thas chats the a hes ac difficulties arise from bra | “minates the wasted time caused by branch penalties. 
ee While off Neraline ani AUE s PCs REIA WO r most RISC processors, the delayed branch procedure. is used. In this 
‘Gecurpence of bra eg iecaae: Hon pipeline, one of the major difficultat on ‘ach ure, the compiler detects the branch instructions and rearranges. the 
amcanditional By. loading eile branch instruction may be conditio™ „d “nine language code sequence by inserting useful instructions that keep the 
omits AR S, ep ee e L E cach adi Ail 


e out. ` et oh 
i 


; Bed en ; GS ess, 3 3 Di Ts i / t 
rogram Counter with the target addr d Peline Operating without interruptions, -' 


yi mean ny ete 7- Repie pipe co 


tr 


a Dec. 2015, 


: my how ir a anch instructions a are handled į in Pipeli 


(RGP ning > 


i Bxpliin he hardware i saeritcks 5 in relation to pipelining 
s - (R-GPV. 


G28 Espaini the operand forwarding in relation to pipelining, 
H (R.GEBV., June 2010) 
Refer w Q2 


Ans. Refér to Q. 2i. 

Qz. Explain the tere vipipetine conflicts. (R.GPV., June 2008, 2017 
Ei Write short rate « on ws pipeline Sm i 
Pee x What dn you ‘mean. n by err conflicts ? Explain in short 
(R.GP.V, June 2005) 


(R.GPK, June 2013) 


am, Refer to Q21 


se: 28. Why. does pipelining i improve performance ? What are the prions 


“instruction ‘hazards which affect the performance of pipeline processors? 
ABe piaia theit impact on throughput. (RGP V., June 2009) 


i Performance Improvement by Pipelining — Pipelining offers an 
rtorealize temporal parallelism in digital computers. The concep! 

sing in a computer is similar to assembly lines in an industrial 
natal pipelining, one must subdivide the input task into a sequence 
vale tee each of which can be executed bya specialized hardware stag’ 
that: operates concurrently with 
ire streamed into pipe and get executed i Fa 

in an overlapped fashion a 

mhtask Hevel Thei Subdivision of labor in assembly lines has contributed to the 
gy raf mass pr oduction. in moder industry. By the same token pipelining 


gE e remendsts impro ri Mee thesughput in the modem 


aggre Bs pr 


fine Hazards - Rete. to Q21. 


Pin x Bi yas 


EV, June 201) | 


S June 201) 


0.26. Explain the term data dependenes GEGEE June. 2008, 2613 $ 


other stages in the pipeline. Successive tasks 


tnt- y as 


RUPERTEAL PROBLEMS. 


b. 1. Determine the number of clack cycles that it takes to process 


pro 
a sina -segment pipeline. (R.GPE, Dec. 2002) 
” sol Given, k = 6 segments 
n = 200 tasks 


=(k+n- 1). 
= 6 +200 — 1 = 205 cycles Ans. 
prob.2. A non-pipelined : system takes 100 ns to process a task. The same. 


k can be processed in a six-segment pipeline with a clock cyele of 20 ns, 
aw ine the speedup ratio of the pipeline for 200 tasks. What is the maximum 


Number of clock cycle 


4 Determ | 
E veel that can be achieved ? (R.GRY., June 2009, Dec. 2010) 
pi nt 
9 = t Semeers 
Sol. We have, aa De 
9 where, k = 6, i = 100 ns, n = 200, tp = 20 ns 
i _ 200% 100 4 ggg 
4 (6 + 200 —1) x 20 l 
ta 100 
7 ac ae Ans. 
Smax fr 70 


Pri}. 3. The time delay of the four repErerts in the piphaliiie processor. 


E 
ai 
e areas follows — 

"E = 50 ns, t} = 35 ns, tz = 95 ns and ty = 45 ns. The interface 


| register delay time t, = 5 ns. 
(i) How long would it take to add 100 pairs of numbers in the 


i pipeline ? 
(ii) How can we r A the total time to about one-half of the 


ime calculated in part (i) ? 


(R.GP. K, Dec. 2009) 


< Sol. (i) Clock cycle = 95 +5 = 100 ns = time for segment 3 


For nF 100, 
k = 4, 
t = 100 ns 


Time to add 100 numbers = =(k+n—- ryt, 


= (4 +99) 100 x 10-9 = 10.3 ps Ans. 


= 5 
(ii) Divide segment 3 into two segments of 50 + 5 55 and 45 + 5 
= 30 ns, 
kas te 58 na, koe se 
-$ Time to add 100 numbers = -(k-+ no 1} ty $ 
oan i Pae 


STF: 5 is = 5,72 ps Ans. 


ee ee imaia 


Unit- V ran 


a te of h clock is shown in fie. §.13: 
he 


ee ee a 
AY 
“ogoorun kai | 


so y line adde s 
ine he tng aint pipe eF to add sp 
A (RGP. K, D Dec, oon |. 


=e feating poi numbers be Xp X De aX, o: Conneg ki 


areais TEs 


; ; R32 3> ir a feedback path and use input re ys thie i 
feg Then; ue aschème similar toone described i in conjuncti, e 2 (Ay + ome +D) 
Ai 3 (A + Bie, + D) 
s (Ay +B + 
é (Ay +BIHC + Dy] 
7 {As + BC, +D,) 
8 


(Ag HBC +D,) 


a Prok’, i ou scientific computations it is necessary to perform the “ig 
Aribmetic operation (A, +B) (G + Dy with a stream of numbers. Speri A OF OPERATIONS, MATRIX MULTIPLICATION, : AND 
ip MEMORY INTERLEAVING, ETERO 


CHARACTERISTICS OF MULTIPROCESSORS 


; Or 
ti e defi nition of vector processing. And enlist its application. 
; (R.GP.V, June 2014, 2016) 


ie ‘There is a class of computational problems that are beyond the 
| capabilities of a conventional computer. These problems are characterized by 
; the fact that they require a vast number of computations that will take a 
| ‘onventional computer days or even weeks to complete. In many science and 
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S Saas rae FUI, 
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‘agineering applications, the problems can be formulated in terms of vectors 
a ind matrices that lend themselves to vector processing. 
| Computer with vector processing capabilities are in demand in E A 
; plications. The following are representative application areas where vector 
: Pocessing i is of the utmost importance. 
- (@) Long-range weather forecasting 
(ii) Petroleum explorations 
(iii) Seismic data analysis 
(iv) Medical diagnosis 
WY) Aerodynamics and space flight simulations 
(vi). Artificial intelligence and expert systems 
(ii). Mapping the human genome 
, (viii) Image. processing, 


Each P52 Pn ine Processing ory (A; + B;) (C; + D;) 
incl segment has ane.or tw roplemented in a Segment within a pipeline 
fig, 5, 12. RI through RT: register and a Combinational circuit as show? ` 
ie se. The are registers that receive new data with eve | 
eds, y operations ee eed | in cach segment of pipeline are as 


: Sat ean d Di 
D kta, RSE RRA | l -Inputs Ai, Bi Ch aison 


BERERE, TA E TAA ` Multiply - 


bee e Pati a ros 
bits Sah tap E RAAI A ASEET 7 
a iS ge Fee h r 
E ae ae S4 ; 
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three address instruction with three fields specifying the base address 
ds. Att additional field that provides the length of data items ii the 
“This considers that the vector operands reside in memory: It is alee 
throat y fe "te to design the processor with a large number of registers and store all 
ith ‘ i at i registers prior to the addition operation. For such a case, the base 


ene i RGR K Der. ny 4 jit 
o type af SIMD machine, which has liy 4 
‘fine af machines designed by Seymour i 
ray-1 in 1976 and continuing 


bd scientific computing for decades. 


“Ch 3 


obei i- snching ap 
aA <n; serene = bli + oft; 
aie A ‘age ‘yectars, that is, 
yp tells ihe computer to a 
the ith element: ofa. > 
) architecture w ell suited 


ie Se ee ‘aod operates ‘on the 
responding elements in parallet employing 
ot ALU which. can operate on all n 
simuktaneously. it generates a v ector 
e input and-output Vectors can be 
i special. „vector registers or in memory. 
“Vector computers also need to do scalar 
ue “operations ‘and mixed. vectorrscalar operations. 


Ans: Pipeline - Refer to Q. 4. 
Vector Processors — Refer to Q.30. 


arrays .of numbers, usually in fl 
dd the ith elements of b and c to 


plication i fall of statements like 


Oatin 
Sethe; 


Fig. 5.14 A Vector ALU 


Q. 3h What sea Pipeline, vector and array processors mean in parallel © 


(R.GP.V., June 2011) 


Bets Array Processors — An array processors is a processor which performs 
is computations on large arrays of data. An attached array processor is an auxiltary 


processar attached to a general purpose computer, In specific numerical 


i computation openition, itis intended to improve the performance of the host 


X Computer. l 


“An SIMD array processor is piocessor Which has a single instruction 


anie — i -data organization. It manipulates vector instruction by multiple 
nctonat units responding to a common instruction. Therefore both types ° 


Ane Ph peal vectors but i i in their internal eae 


fess and length in the vector instruction specify a group of CPU regssters. 
9.33. Write a short nate on matrix multiplication. i 
i i (R.GPE, June 2017) 
d Or | 
| Explain any one vector Mpcgfing method with suitable illustration. 
4 (R.GRV, Dee. 2010) 
Ans. Matrix multiplication is is one of the most computational intensive 
4 operations performed i in computers with vector processors. The multiplication 
dino nxn matrices consists of n- inner products or n? multiply - add operations. 
an nxm matrix of numbers has n rows and m columns and may be considered 
s constituting a set of n row vectors or a set of m column vectors. Consider, 
ior example, the multiplication of two 3x3 matrices A and B. 
k [bu biz z 13 | 
x| bay ca 
azz] [bay b33 E33 
: product matrix C is a 3x3 matrix whose elements are related to the 
sof A and B by the = product - 


= aik x bij 


a13 


223 
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i 
j 
For example, the number in the first row and first column of matrix £ is 
jlculated by letting i = 1, j = 1, to get 
Cy = ayybyy + ajabzi + aysbsy 
This requires three multiplications and (after initializing c} ta 0) three 
oes. The total number of multiplications or additions required to compute 
4, he matrix product is 9 x 3 = 27. If we consider the jinked multiply ~ add ` 
TA Peration c + a x b as a cumulative operation, the product of two n*m . 
Ek paesa requires n? multiply-add operations. The computation constsis. of 
i, ier products, with each inner product requiring n multiply ~ add 
ot assuming that ¢ is initialized to zero before Comey: each 
E ent in the product matrix. 
fs In general the inner Enea consists’ of tie gum if k e produer terms of i 
4 i 
a 
E 
“Ei 


as 


A 


Ee “A By + ApBe + By? ABar ADi 


$ spflieation ina may’ She ER to 100. or-even 1000. The ; 

a he ga 4 pipeline: vector processor is shown i in fip, s ] inn 
Sat ied Bi oat “gither in memory-of in processor registers, The float; 
PS stineand the Aoating-point adder pipeline are assume ng. 
ee segments zach. Alt segment: registers in the multiplier and adder, Sd to 

iad to 0: Therefore; the:outpat‘of the adder is 0 for the first eight cyc] es 
ne jina re full Ar afd B; pairs are brought in and multiplied at a a 

‘afont pair pet cycle. “After the first four cycles, the products begin to be 
Š c output of the adder. During the next four cycles 0 is adde 
solesiog the adder. pipeline. At the end of the eighth cycle, the firt 
| 3 Bi through A,B; are in the four adder segments, and the a 
j prodici, A ‘Bs ‘through AgBg, are im the multiplier segments. At the 


Sade t pipeline. The tenth cycle starts the addition A2B3 + AgBg and so ae. 
This. ‘pattern breaks down the summation into four sections as follows — 


C4 AygByg t+ AgB3 + Nae + Ay By + PA SBys ++ AgB, 
> PASBy + A Birt ArgBig te 


A four zetos i into the'multiplier pipeline. The adder pipeline will then have one 
~ pardal product in each of its four segments, corresponding to the four sums 
‘listed itv the four rows in the above equation. The four partial sums are then 

-addet to form the final sum. 


Pipeline 


Pig. 3.16 Pipeline for Calculating an Inner Product. 
oss, Write shart nofe on memory interleaving. (R.GP.V., Dec. 2011) 


Pr Pipeline and Vector processors need simultaneous access to memory 
: ra Pwo OF more | soUtces. An instruction pipeline may need the fetching zofa 


ic pipeline needs two or more operands to the enter Hi i 
- For simultäncous access, the memory can be partition 
into a prier saerait connected to A common memory address and da j 
buses instead of sity iwo meniory ‘buses, A memory module is # memo? 3 
aray together with its own.address and data registers. A memory unit 


nodules i is meetin ks in fis ig. SIF ‘Bach beseech array contain its OW 


y 


n addres | 


en a 
Ey 


6, The A 


ed to the | 


Haing ofthe ninth cycle, the output of the adder is A,B; and the output of 
the multiplier i is AsBs. Thus, the ninth cycle starts the addition A,B, + ASB, in i 


v ČAB] + AsBs + AgBg + A13B13 +..+ A3B3 + AgBg + AypBy t à 


> When there are no more product terms to be added, the system inserts 


a, at the same time from two different segmen E 


with four l 


pie or aE ù E EE T O = 
ISE P b Š 


p tUte V Bap 
p cs ve data register (DR). The address registers res ceive information 
der common address bus and the data registers communicate with 4 
an pil data bus. To differentiate between the four modules. t 

p ant bits of the address are used. The modular system 
te a memory access W hile other modules are in the 
word and each module can honor a memory 


of the other modules. 


he two feau 
allows one module 
process of reading or 


; tpi i 
request independent of 


H state 
a ~ Address Bus 


Memory 
Array 


Data 
Register 


E. Data Bus 
Fig. 5.17 Multiple Module Memory Organization 


‘The benefit from a modular memory is that it allows the use of a toting 
en as interleaving. In an interleaved memory, various sets of addresses 

‘allocated to various memory modules. A modular memory is useful in 
swith pipeline and vector processing. A vector processor which utilizes 
terleaved memory can fetch n operands from n different modules, 
{The effective memory cycle time can be reduced by a factor close to the 
“4 mmber of modules. A CPU with instruction pipeline can take benefit of multiple 
| memory modules so that each segment in the pipeline can access memory 
| ndependent of memory access from other segments. 


0.35, Define the terms — Pipeline, speed up ratio and memory interleaving. 
mR. GP VK, May 2018) 


Ans, Pipeline — Refer to Q.4. 
Speedup Ratio — Refer to Q.7. 
Memory Interleaving — Refer to Q.34. 


0.36. What do "Ol understand by. multiprocessor ? Write its 
(‘Mracteristics, J : (R. GP. K, June 2017) 


Or 


` Whati is multiprocessors ? (R. .GRY, Dec: 201 9 
Or. 

De efine m aleatt les characteristics of- 

na ; ultiprocessor. Explain he PY, kos, Jace 2016) 


T. a ressors, 


Ui: y 224 


ae ? ard . 4 gested asa shi red memory or tightly coupled Jitsu: ‘This. de 
; nite charact pig A Fn ye ude each processor front having its own local m ès 
4 * - (RGE ultiprocesy ‘on 7 aot serial lighily coupled multiprocessors provide a pias m tact; mas 

i : PY, > i = memar wit 
is an: Vint erco nhection Df fW.¢ ay 207 TR) - | ee api: Moreover, there is a global common memory that all tn a 
gaia a The term Mprocesior” in T More CPU, ; sE < Therefore, information can be shared sna the CPUs by va M £ a 
Sr : Normally, a computer syst Fabre j | i global common memory. aes thie 
OSS em w 

ae ith at least 4 “another microprocessor model} is the diiibitiasig memory ort d. 


; However. a'compüter with one CPU an 
-aapted system. Each processor element in this sysiem contains its own private: 


calfed a multiprocessor system when the capabili 
ni shes of tlie CPU, Twó main characteristic ies 4 cat memory.” ‘The processors are tied together by a switching scheme designed 
Sof: te information from one processor to another through a inessage-passing 


or Svs cae ‘sharing jand interaction. po 4 grou 
vase: strut cture of a multiprocessor is configured so all CPUs - sheme. The processors send program and data to other processors in packets, 


7 $ S miin memory. and so the CPU and | main memory share all TE TA jacket iS | of "a the data content, and some error detection 
his type | of sharing is. restricted in multiprocessor System | ode: The packets are addressed to a specific processor or taken by the first. 


Enon, it {can ‘he assumed t that sharing i is a valid Peal: available processor, relying on the communication system used. Loosely coupled 
DERTEN systems are efficient when the interaction between tasks is minimal, in contrast 


ty coupled systems can tolerate a higher degree of interaction between 
tasks. ee BR 


939. What are the similarities and ieren between multiprocessor 
j and multicomputer systems ? 

„Ans. Similarities — Multiprocessor and multicomputer systems have beth 
i Pia concuftent operations. However, there is an important distinction ` 
between. a system with multiple computers and a system with multiple” 
processors. Computers are interconnected with each other by means of — 


e Filen; ‘the salient features of a true mulproe sir syste } communication lines to form a computer network. - 

* totlows: ri, ; i | Differences — The network includes several autonomous compiiters that 
i may or may not communicate with each other. A multiprocessor system is 
4 controlled by one operating system that provides interaction between processors: 
| ad all the components of the system cooperate in the solution of a problem, . 
(R.GPY:, June 2010). 


ctions 


en on as 
> 


amie jo The system must have two or- more processing €  Megpenis, and 
capabilit at en ot ral processing:elements must be approximately same. 


0.40. Write a short note on supercomputers. 
4 Ans. A supercomputer is a commercial computer with vector instru 
[a pipelined floating-point arithmetic operations. They are very powerful; 
tigh-performance machines used mostly for scientific computations. To speed: 
4 4’ the operation, the components are packed tightly together to minimize the 
4 Uistance that the electronic signals have to travel. Supercomputers are also 
i ise special techniques for removing the heat from ard to aes them, ° 
Jom burning up because of their close proximity. 
4 A The instruction set of supercomputers contains. the siandard data anifer, 
1 The manipulation and program control instructions ¢ of conventional computers. 
A Sis. raiment: by instructions that eee ‘vectors wed 2 piitan of 
* 


aly SeS vi 


T ER aer necessary interactions between processors. and 


lown aero characterises of multipr ocessor. j 
: oo (RGRK, Smem 


; airen | is done ‘by: their ir tie is 
i m with: ‘commor shared m 


so sniper ws E system best known 
E ed d fast and large memory systems and the exte tn 
sac this “equipped with multiple functional units , 
refine configuration. Although the supercompute. 
Er “applications found:in all other computers, jı as 
ie forthe type of ‘numerical calculations involving ye ton 


+ 


yote £ 


2 Aen Fay i aati lipo l Da a hia ai 
P n 


Sak ‘installation. ‘They are’ fimited-in their use to a number of 
apaa is, idh as ynytterical’whether forecasting, sesimic wae af (a) 
a oe research: They baie inelipdinge and limited market because 


4 
= of their vai ater | (b) 
‘The first supercomputer aevi i in 1976: is the Cray-1 Supercomputer | 
“yetir processing with 12-distinct-functional units in parallel, Cray 4 
esearch extended i it supercomputer: to wmaltiprecessor configuration called i 2 (a) 
Gray. XMP ted Cony — The new Cray-2: ERa iiss: is 12 times more i b 
1 
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(b) 
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BE. E ourth Semester) EXAMINATION. ume, 2 wit 
; s _ (Common for CS, EC & IT Engg. Branch) eae ah 
COMPUTER SYSTEM ROR ` 


Attempt any one question from each Unit. All questions carry equal 
marks. 
Unit-I 
Draw the Von-Neumann model of a digital computer. Ripli h its 
various subsystems, (See Unit-1, Page 9, Q,6) 10 - 
Explain with the help of examples, the addressing modes of a basic 
computer. (See Unit-1J, Page 105, Q.26) 10 
Or 
Draw and explain the architecture of 8085 microprocessor. ** 10 
Acomputer uses a memory unit with 265 K words of 32 bits each. A 
binary instruction code is stored in one word of memory. The instruction 
has four parts : an indirect address, an operation code, the register 
code part to specify one of 64 registers and an address part : 10 
(i) How many bits are there in the operation code, the register 
code part and the address part ? 
(i) Draw the instruction word format and indicate the number of 
bits in each part. 
(iii) How many bits are there in the data and address inputs of the 


memory ? 
(See Unit-Ill, Page 100, Prob.4) 
Unit-Il 

Explain the following terms : ca lOs 

(i) Microinstruction (See Unit-H, Page 77, Q.43) 
(ii) Microprogram (See Unit-II, Page 79, Q.45) - 
(iii) Control address register (See Unit-H, Page 77, Q.42) © 

(iv) Sequencer (See Unit-Il, Page 80, Q.47) 

_ (v) Control memory. (See Unit-Il, Page 77, Q.40) 

Explain the concept of address sequencing. Also explain mapping of : 

an instruction, i higi 10 


Or ` 
Write down the algorithm for addition and subtraction with iau 
magnitude data. Also draw the flowchart. (See Unit-I1, Page 45, Q.14) 10 


m a raotordiog to new revised ed syllabus ofR.GP. Vs itis not included in syllabus 


U Sa 


l0 


(See Unite, Page: 53 as 
i ‘Uniti 
Pifverentiae bebweeh the following € 
eke Isolated and memory-mapped VO 
3 {id} “Synchronous and Asynchronous serial data transfer. 
S Explain polling and Daisy chaining methods for establishing Priori 
i E png (See Unit-Ill, Page 128, Q.43)1 eH 
y PA 
: j Explain the- following + modes of data transfer : 
eerie Program controlled tii) Interrupt driven | 
ie aw Direi CAME access. 
a ~ z x (See Unit-IN, Page 111,Q.27 
-W What is an oP” ? Explain the process of communication be 
yee RO and TOP. ' 


10 


}. 
tween ą 
{See Unit-Hl, Page 136, Q. 60) 10 


Unit-1V 
on fa) Dras and explain the memory hierarchy in a digital computer, What 
Aora the advantages of cache memory over main memory ? 10 
a _ (See Unit-ry, Page 172, Q.44) . 
y What kimit Memory ? Explain the concept of address space 
aE „and memory space in virtual memory. (See Unit-IV, Page 178,Q.51)10 
Or 

i White short notes on any two of the following : 10 each 
a) Mapping techniques of cache memory (Sce Unit-IV, Page 164, Q.32) 

2 Bp ‘Cache initialization and writing into cache (See Unit-IV, Page 166. Q.33) 

2 (e): Types of RAM and ROM (See Unit-IV, Page 144, Q.13) 
a Memory, ‘Management hardware. ; ™ 


CSEE 


B E. . (Fourth Semester) EXAMINA Se : 
(Common for CS, EC & FT Ta Pe 201 


_ COMPUTER R SYSTEM O ORGA 


Apa aN 
am i+ 


. Attempt one question fromeach Unit. Total 
are five. All questions carry equal marks. 


Unit-I 


questions to be attempted 


i, (a). Discuss the organization of 8085 microprocessor. What are the 
: different flags of 8085 flag register ? + 19 
(b) Explain the Pomme eg 

(i) | Microoperations (See Unit-1, Page 29, Q31) 

(ii) | Macrooperations aa 

(iii) Program counter _ (See Unit-1, Page 14, Q.15) 

(iv) Instruction cycle ig 

(v) Input output instructions (See Unit-IIl, Page 97, Q.15) 


Or 
Draw a common bus system with four registers with the kelp: of 
multiplexers. ` {See Unit-I, Page 24, Q.30) 10 


A digital computer has a common bus system for 16 registers of 32 
bits each. The bus is constructed with multiplexers — 10 


(1) How many selection inputs are there in each multiplexer ? 
Gi) What size of multiplexer is needed ? 


(iii) How many multiplexers are there in the bus ? 
(See Unit-I, Page 17; Prob.3) 


md 


— 


Unit-If 


3 3. (a) Explain how the mapping from an instruction code to a microinstruction 
5 os Wi Unity address can be done by means of a read only memory. 10. 

a rite devin the Flynn’ s classification of Computer. 10 (b) With the help of block diagram, describe the organization of a 
E ; iy (See Unit-V, Page 196,0- microprogrammed control unit. (See Unit-II, Page 71, a) 10 


7 ay, What ‘deck pipeline, vector a 


_ Pee? : nd atray processors mean in parallel 


ae (See Unit-V, Page 218, Q.31) 10 
apin the pipeline for floating point addition and 
: (See Unit-V, Page 204, Q a. 
y processor. 


a 
— sona 


10, (a) Draw and 
ecg » Subtraction, - 


tb); Exptain: “the operation» of SIMD a arma x10 


; bus 
Vn it is not included in sy! 


ma ' i ` 
: % ERREN re a eer er 3 à iar ik i E ic AR O N tn S E NEE ANEA 
Z diese Bis 25: ah gtr aie Kad PENEI EE - 
qea i a heimacimates pme: . 
Ta TARR ; 3 The S meer ss 
: W 1 
f e A weet 


ke. 3 


Or : tse ei 
Explain the following in detail - 2 
(i) Address sequencing po 
ii 3 
(ti) Hardwired control unit (See Unitell, Page @9,Q31) 
Draw and explain the organization of a CPU showing the eet 
between the registers to a common bus. (See Unit-t, Page 20, 9.25) 


-10 


oe 
| am 
bad 
w 


(b) 


“Now, niea to new e labus of R.GP.V. itis not included in syllabus 
3 E E C) 


‘Unit Hi 

iawo athe following - 

a> oscars and modes of serial data transfe i 
a er initialised 1 vo and direct memory access. 

eases à a {See Unit-ITt, Page 131, 

; we Bapláin in brief the instruction set oF 8085 microprocessor (Give 
Bes anty types af instructions). +e | á 


i Or 
(à 5) What a are the different types of DMA reine ? Explain the basic 
} i principle of DMA. (See Unit-TH, Page 134, Q.56) 19 
: h) Explain priority interrupt and polling in context to interrupt i initiated 
ane E u v0. Pe ‘(See Unit-IH, Page 122, Q. 36) 10 
ves z: a Unit- V 
n & “what is meant by memory hierarchy in a computer system ? Also 
explain what is meant by associative memory and virtual memory ? 
(See Unit-IV, Page 178, Q.49) 10 
0) Explain the following i in relation to cache memory — 2 each 
{i) ‘Locality of reference (See Unit-IV, Page 171, Q.43) 
ee Gi) Hit ratio ‘(See Unit-Iv, Page 169, Q.40) 
Bu - fii) Mapping (See Unit-IV, Page 161, Q.28) 
_ tiv) Writing into cache _ (See Unit-IV, Page 165, Q.36) 
Dr Cache initialization. (See Unit-IV, Page 16640.37) 
Or 
@ Explain memory protection and memory segmentation. by memory 
: management hardware. "70 
E : The access time of a cache memory is 100 ns.and that of main 
“ “| Memory is 1000 ns. It is estimated that 80 percent of the memory 
er cote mie read and the remaining 20 percent for write. The hit 
eles @: What | is 0.9. A write through procedure is used — 10 
ed € average access time of the system considering 
ʻi a y memory read cycles? © 


-What is the average ‘access ti 
ae ss time of fie! ‘system for both read 
an write requests ? ? y 


: (See Unit-IV, Page 174, eke 5) 

ate a Gey et : 
€ What is the need.of eline 
0 izati On pipelining? ? Explain the pip 

cai bs ae netic pi peline. - (See Unit-V, age 206, Q.15)? 
jow; i acconiin Pag Be Feed à 

: j ee labus of RICE, its not included in sa 
a ee Ms 
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< (b) Define the following : 


Computer Architacturp - 


Or 
p. Write § short notes on any two of the following - ee 
) Vector processors and (See Unit-¥, Page 218, 0.30) 
array processors Ps 
i (b) Interconnection structure S 
c) Interprocess communication a 


(d) Memory interleaving. (See Lnit-V, Page 220, Q.34) 


F CITAL (GS) 


s ee " BE. (Fourth Semester) EXAMINATION, ian 2012. 


PV 6 Grading System) 
RG (Coon for CS À FT Enp. Branch) 


COMPUTER SYSTEM ORGANIZATION 


Attempt all questions. AH questions carry equal marks. 


, (a) Describe the Von-Neumann model and explain the functioning of its 


components. (See Unit-I, Page 9, Q.6) 


_(b) Explain and draw a diagram of a bus system that use multiplex &, 


register of n bits each to produce an z-line common bus. 
(Sce Unit-1, Page 23, 0.29) 
a 


- (a) Whatis instruction cycle ? Explain different phases of instruction cycle 


and show flow chart for instruction cycle. 
(b) Explain various addressing modes with the help of example. 
(See Unit-HI, Page 105, Q.26) 


- (a) Discuss in brief microprogram control unit and hardwired control 


unit. (See Unit-H, Page 72, Q.34) 


(b) Draw and explain flowchart for addition and subtraction of floating 
point number. (See Unit-Il, Page 65, Q.27) 


ee 


` (a) Represent the number (+ 46.5)19 as a floating point acs number 


with 24-bits. The normalized fraction mantissa has 16 bits and the — 
exponent has 8 bits. - (See Unit-H, Page 68, Prob.12) : 


(See Unit-I, Page 29, 9.31) 
(See Unit-Il, Page 80, Q.46) 
(See Unit-il, Page 77, Q.43) 
(See Unit-Il, Page 79, Q.45) 


(i) Micro-operation 

(ii) Microcode 

(ii) Microinstruction ` 
- (iv) Microprogram. 


aa 
New according to new revised syllabus of BGP, itis not included in sytabus : 


ri} 


j leof DMA 
ab ; sample the Working princip Sots 
pt with sy ee (See Unit-I0, Page 131, 


w A a, ie = sean in terup" vË ‘xplain the various interrupt Han lin 
toger Eag (See Unit-L, Page 128, Q.4s) 


Toller 


‘i Or 

a What doy vou mean: shy synchronous and asynchronous data transfer 7 
„> Explain handshaking method of asynchronous data transfer, p; 

Yh). Explain the use of the following instructions : i 

TE ‘DAA. Gi) RIM (ii) MOV Reg. M (iv} PUSH D. 

a). “What is cache coherency ? Why is it necessary ? Explain differen; 

ieee approgches for cache coherency. (See Unit-IV, Page 173, Q.46) 

Pe 4b) Explain associative memory with its hardware organization. Discuss 

nat the procedure. for reading and writing data in associative memory. 

ne oe (See Unit-Lv, Page 150, Q.19) 


; KOT o 
R. w. Explain i in shit the followi ing: l 
A : - i) Memory Hierarchy (See Unit-IV, Page 140, Q.3) 
ee -i Memory Management Hardware. x 
Toy “What is paging ? Explain how paging can be implemented in CPU to 
2 : ©U aetess Virtual memory. j (See Unit-IV, Page 181, Q.54) 
oia) “Formulätea-six segment instruction pipeline for a computer. Specify 
i. ve god _ the (spmemtitin to the pertormed i m each segment. 
Ear (See Unit-V, Page 210, 0.18 
w Tiie: and explain the apie functional structure of a SIMD anA 
` processor. AE TS : kk 
Or 


1. Eaphis the following terms — 
-{ Data sense: s 

wD Pipeline conflicts | ; ; 
{iii} Interprocessor communication- ; 
0s) ge ahi structure. , ee N n dis 


"+ (See Unit-V, Page 214, Q.26) 
(See Unit-V, Page 214, Q.27) 
4 : = ak 


a ay Attempt any one question from each Unit 
ae oH M „AU question carry equal marks, - 


ESE ee E OE E See 
s e. 


Baad S ESSE OSEE ER ER D 


tor ent too Gh Misnotinctuded in syllabus 
pee, © APs 


Computer Architect niro 


; 2a Unit-] 
R: Explain the different types of registers used in àa basic computer. 
T explain how these registers are connected to a common bus. 7 


j se {See Unit-], Page 22, Q. 26) 
w) praw and explain the functional block diagram of 8085 micro- 
: processor. Also draw its flag structure. ae > 


eo Or 
A digital computer has a common bus system for 16 
bits cach. The bus is constructed with multiplexers, 
(i) How many selection inputs are there in each multiplexer ? 
(ii) What size of multiplexer is needed ? 
(ii) How many multiplexers are there in the bus ? 

(See Unit-1, Page t7, Prob.3} 
Show the Piaware that implements the following statement include. 


the logic gates for the control function and a block diagram for the 
binary counter with a count enable input. 4 


xyTp + T, + y'Tz: AR © AR+1 


registers of 32 


4, (a) - 
) ; 7 


| 
W 
ł 


(See Unit-F, Page 26, Prob,5) 
Unit- 
Draw and explain functional microprogram control unit block diagram. 
(See Unit-If, Page 71, Q.32)7 
(b) Write short notes on the following : (Any Two) 7 
(i) Control memory (See Unit-[, Page:77, Q.40) 
(ii) Nano programmed control unit ae 
(iii) Hardwired control Unit. 
Or 
Explain phases of instruction cycle. Also draw and explain instruction 
cycle flowchart. =T 
(b) Draw the block diagram of a BCD adder. Explain how decimal 
subtraction can be performed. ; 7 
Unit-IH , 
Differentiate between isolated I/O and i mapped vO and | give 
advantage and disadvantage of each. > ils 
(>) What are different modes of data transfer ? Explain the DMA controller 


4 
with block diagram. What is meant by block transfer ? 
j (See Unit IE Page 135,Q:57) 


(See Unit-H, Page 69, Q.31) . 


Or 
What do you mean by interrupt ? 
how does the processor determine w 


2 When a device interrupt occurs, 
hich device issued the mternupt ? ? 
(See Unit-Hl, Page 122, Q-35) z 


ó. a 


“Now rascording te new revised syllabus of R.GP.V., itis not included in syllabus 
; (7) l 


ay) Enlist the dam transfer instruction of 8085 microprocessor, Wri. 
segembly tas guage program to add two 8-bit number 46H an d on 
Gand store the result at 4008H. : ae : 
eh es oS, TEE 

“What is cache memory ? Explain different mapping technique, ; 
“Sache memory system. (See Unit-IV, Page 165, Q 34." 
> hy -Áset associative cache consists of 64 lines. or slots, divided int 
-"_ fgur-line sets. Main memory contains 4K blocks of 128 words Sea 
OOo: Show the format of main memory addresses and tag bit in cache 


address. (See Unit-TV, Page 176, Prob,9) 7 


ta), 


. - i Or 

What do you mean by associative memory ? Explain match logic of 

associative memory with block diagram. (See Unit-IV, Page 150, Q. 1 9)7 

` fb} A digital computer has a memory unit of 64 Kx 16 and a cache memo 

=., .@f 1K words. The cache uses direct mapping with a block size of 

EN four words. ; 7 

tó (i) How many bits are there in the tag, index, block and 

©- o -. fields of the address format ? iia 

a (ti) How many blocks can the cache accomodate ? 

{m) How many bits are there in each word of cache ? 

onli _,-. See Unit-IV, Page 174, Prob.6) 

aes pe Aner) Unit-\ 

4 (a) What are different conflicts that will arise in pipeline ? How do you 

i femoave the conflicts. (See Unit-V, Page 211, Q.21)7 
: (b) What is Pipeline speedup ? Draw a space time diagram for a six- 

; segment pipeline showing the time it takes to process eight tasks. 

ran ~ h (See Unit-V, Page 204, Q.12)7 

LQ. Write notes on following : à 14 

Kr A z yini aaao communication . wk 

A Ns ce any deeper 9 (See Unit-V)Page 217, Q.29) 


7 
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Now, according to new revised syllabus of R.G p. (See Unit-I1I, Page 105,Q 


+ itis not included in sylabus 


$ © 
rf.” 


a> 


| (iii) Micro operation, 


cineca winnie bade 


E EET ig itt ca ln oe a eet 


Computar Architecture . 
; j ; Describe the von-Neumann model and explain the 
i 4b t 


i functioning of its 
"~~ gomponents : ) 


(See Unit-1, På ¢9. 0.6) 
ss Re 9... 


ae praw and explain the bus structure for the data transfer betw 
3 (8 registers and the common bus. 


Define the following terms — 
(i) Three state buffer 
{ii) Control function 


y een 
‘(See Unit-1, Page 23, ().29) 
t D) vee U 
{See Unit-}, Page 19, (3.23) 
(See Unit-1, Page 19, 43.22) 
{See Unit-l, Page 29, Q31) 
| Unit- 
(a) Draw and explain the microprogrammed control unit with next address 
2 generation. (See Unit-t1, Page 81, 0.50) 
(b) Explain the hardware for signed magnitude addition subtraction with 
| block diagram (See Unit-IL, Page 45, Q.14) 
| Or 
| 4 (@} Compare horizontal and vertical organization. Give their advantages 
aiic dvantages. (See Unit-H, Page 83, Q.52) 
(b) Describe in detail Booth’s multiplication algorithm and its hardware 
implementation. (See Unit-H, Page 50, Q.18) 


4 


Unit-11T 
5, (a) What isa DMA transfer ? Explain in detail how this is accomplished. 
(See Unit-HL, Page 129, Q.47) 
(b) Explain the classification of the instruction set of 8085 
microprocessor with suitable example. ld 
Or 
6. (a) Why is priority handling desired in interrupt controllers ? How do the 
different priority schemes work ? (See Unit-ITI, Page 128, Q.44) 
(b) Write an 8085 code to obtain 2’s complement on the 16 number 


ek caine ens a TI 


stored at locations x and x + 1. Store the result in y and are 
locations. 
| Unit-IV ; 

1 (a) Explain associative memory with its hardware organization. Explain 
how the data is read and write in the associative memory. 

l (Sce Unit-TY, Page 1 50, Q.19) 
b) Whati ing ? i ing can be implemented in CPU to 
i by e ana aae sl j {See Unit-IV, Page 181, Q.54) 


* (a) Write short notes on — 


i (i) Cache memory (See Unit-IY, Page 157, Q.23) 
$ ae 3 ši 
“Now, according to new revised syllabus of ..GP.V., it is not included in syllabus 


{9 


e is spaco i ‘econaatet spini consists of 128 se 

att ara have ipto 32 pages of 4 K words ji ih each, 7 

meme y consists of AK blocks of 4K.words in each. Formula 

i E ipaa address fonmät (See Unit-IV, Page191,p 
Real Unit-V s 

xan by parallel processing ? Write the F] 


y i me : 
(See Unit-V; Page 198,03, 


sui ficatron of vara processing. 


Seay meh Thee 


a an interconnection network in multiprocessor System, +n 
= GR Ln 


_ (See Unit-V, Page 204, Q.13) 
hk 


(See Unit-V, Page 214, Q.27) 


$ $ oO: “Aticmpt one question from tach Unit. 
SS a S0 All questions carry equal marks. 


F ees Sa Unit-I 
u GY Wie ite he fetch. and execute cycle for, the following instructions: 
ma @ AND ** {ii} LDA ** 


a {b}- ‘Draw jon Neumann architecture, What is meant by Von-Neumann 
. 3 a , i. Page 10, Q.7) 

ty hae, Or = 

se Whar is instriction cycle K Explain ifthe phases of instruction 

ae eyele and, show flowchart for instruction cycle. - 

0. Write the fúnetion: of the following i in computer system 

eg)” Accumiilator SER (See Unit-I, Page 14, Q.15) 

= E i peseeoetiont register (See Unit-I, Page 15, Q.18) 

(See Unit-L; Page 15, Q-17) 

ie Unit, Page 14, Q.16) 


} Explain’ ‘and draw the model of iSussbar switch Organization fy 
r 


kk 
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Computer Architectures - 

Unit-tf . j ʻi 

what are the major design considerations in micro instruction 

sequencing ? (See Unit-I Page x6, 0.49) 

i Draw flowchart to explain how addition and subtraction of two fixed | 
point numbers can be done. Also draw a circuit using full tådreis; 
for the sap i {See Unit-11, Page 45, Q14) 


G:t 


Or 
Hardwired control unitis faster than ‘Microprogrammed Gii: unit. 
Justify this statement: {See Unit-IT, Page 74, 0.36) 
Explain Booth’s algorithm with in theoretical basis, 

i - (See Unit-H, Page $0, Q.18) 

Unit- 
What isan input-output interface ? Explain acd isolated versus memory — 
mapped I/O. : i ak 
Write instruction (8085) to: Load 00H in the accumulator, decrement 
the accumulator: Display the result. te 
Or 

What are the different modes of data transfer ? Explain each mode in 
detail. (See Unit-Il, Page 111, Q.27) 
Write an assembly program to obtain an multiplication table of 12 
using repeated addition. fous 


Unit-IV 
“In paged segmentation, the reference time increases and fragmentation 
decreases”, Justify your answer. 
Write about the hardware for memory ea late 
Or 
Explain multiport memory organization with neat sketch, 


Explain how associative memory page table is used for effective 
storage utilization. (See Unit-IV, nee 155, Q.22) 


wk 


ke 


8. (a) 


Unit-V 
of s 
Define multiprocessor. Explain clearly the characteristics vier 
multiproc soak ay : (See Unit-V, Page 221, Q.36) 


What are Interconnection structures 7 Bepiatn the scheme crossbar 


_ switch in detail. 

Or } 
g ? Explain the significance of parallel i 
lassification of computer. ` 
s _ (See Unit-V, Page 138; Q. 3 


What is parallel processing 
processing. List the Flynn’s € 


Write short notes : 

(i) Array Processor 

— (ii) _ Instruction Pipeline. . 
“Now, according to new revised syHabus of R.GP.V., it is not 
(11) 


(See! Unit-V, Pape 206, Q. 16). i 
included i in syllabus a 


Answer five queitions, In Sach question u A, B, 
ERE r lsoryý and D part has internal choice. 

“Gi AL parts of cach question are to be attempted. at one place, 
Bib Alb questions carry ‘equal marks, out of which part A and B 
(Max. ‘$0 words) carry 2 marks, part C (Max. 100 wor ds) 
cany 3 =e D piso 400 words) carry 7 marks, 


C iş 


a “How many operations this code can perform ? 
(i): a many memory locations can be addressed ? 2 
: Sagres td : ; Co (See Unit-I0, Page 99, Prot, 1) 
3 D. Conen hexadecimal number (F3)};¢ into decimal number. 3 
i : i (See Unit-Il, Page 43, Prob.1) 
“a Briefly piin all the addressing modes of computer instruction. 7 
ge ea (See Unit-LyPage 105, Q.26) 
per oy ani Lei Von Neumann model of computer ang explain its 
ge “sabatoms ef ie! ad {See Unit-I, Page 9, Q.6)7 
en 3 ee Unite ~~ + 


- 


resent? as following conditional control statement b ister 
ee jS y two regi 
fer statements with the Control functions. 


) en (RI ERD) else (Q =A hen (R1 R3) 3 
e eee Bee Unit t1, Page 26, probaly 
og i “i k % ie 


nel, Galas faiaina g Abs basa pn hh i pinkie ei ni s witb Ras are balks ESET PTET NEIES ES 


Di 
+ 


rc) 


pifferen 


Comper Artec 


tiate hardwired and microprogrammed control unit, Explain 
merits and demerits of each of them. (See Unit, Page 74, 2.46)7 
Or 


Jake an example and explain the design of arithmetic and ic unit.7 


(a) 


(b) 


qc) 


(d) 


(a) 


(b) 


(c) 


(d) 


(a) 


(b) 


(£) 


(d) 


Base 
| Ron according to new aid syllabus of RGRV ” 


; (See Unit- 

| Unit-IH ari "aD 

Classify instruction set of 8085. - ze) 

Differentiate simplex, half duplex and fuli duplex data transfer ++ 2 

Briefly explain F ap Pi priority method of i interrupt, 3 
i (See Unit-IH, Page 126, 0.42) 

Write threg dodh E data transfer and explain any one of them. 7 


(Se Unit-IH, Page 181, Q.27) 
Or 
What is tly language programming ? Write any one program 
in a language and explain it. 7 
Unit-IV Be eth 


Give one iiaa for primary and one for secondary memory. 2- 
(See Unit-FV, Page 142, Q.7) 
Explain hit ratio in cache organization. (See Unit-IV, Page 169, Q.40) 2 
Give one-one example for semiconductor, magnetic and optical 
memory. (See Unit-IV, Page 142, Q.8) 3 
With the help of a diagram explain how cache is used in cache 
organization. Explain mapping techniques. (See Unit-TV, Page 164, Q347 
Or 
Give a short note on virtual memory organization.-What is Paging "7 
(See Unit- FV, Page 181, Q.54). 
Unit-V 

Draw a four segment pipeline. (See Unit-V, Page 209, Q172 
Give definition of vector processing. And enlist its application. .2 
(See Unit-V, Page 217, Q. 29) 


line processing. 3 
Derive an expression for speedup ratio of a pipe 
ý í (See Unit-V, Page 201, Q.7) 
Draw a space time diagram of a six. x segment ca monn? 
time it takes to process eight tasks. (See Unit-V, aie 
Or $ i 4 4 


line. 
truction and arithmetic pipe ; 
Differentiate i ins e ; i F . 


¥V., It is not inc in syllabus i 
(13) 


TO) Answer five questions. In eacb: question pista: j Ci 

ao compulsory md D part has internal choice. _ 

‘Gh. Alk paris of each question are.to be attempted at one Place, 

S3 Gib All questions. carry equal marks, out of which part A and R 
iMan. $0 words) carry 2 marks, part C (Max. 109 words) 

; garry 3 marks, part D (Max. 400 words) carry 7 marks. 

; n ie: Except numericaks, Derivation, Design and Drawing ete. 

x “On Explain the data transfer between register and memory. 

~. (bye Draw and explain the implementation of 1-bit register, 

ne Na parser E ee a, (See Unit-I, Page 19, Q.24) 

z tey. Draw the functional block diagram of microprocessor 8085 and 


RR 


‘4: 


oc, > explain in brief., eee ia ; SF 
{4} What is the difference between a direct and indirect address 
“2, instruction è How many references to memory are needed for each 
Hog: a RDE ‘of instruction to bong an operand into.a processor register ? 
ae Give atleast three examples of cach type. (See Unit-1H, Page 94, Q.13) 
Sa aR eae Ses ee ae E | | 
Ena Waa is instruction cycle ? Explain different phases oftinstruction 
BS cycle and show flowchart for instruction cycle. *x 
Bete . Unit-1 


tah, Whats meant by Hardwired control 2i (See Unit-H} Page 68, Q.30) 
fbr What is microprogramming and microprogrammed control unit ? 
ye ‘Ee ote oe (See Unit-IT, Page 75, Q.38) 
R PERRE horizontal and vertical organization. Give their advantages 
‘tk ac Niels roa (See Unit-I, Page 83, Q.52) 
mje neat block diagram, explain the working principle of 
; . (See Unit-Il, Page 80, Q.50) 
at go AS EE oo 
l a mae algorithm for multiplication of two fixed point 
riamb peti oldies ‘with a sample multiplication of twe 
ee RENE choice. |e i See Unit-L, Page 50, 18) 
Se according to new tevbsed sylainis of R.GPL., tis not included in syllabus 
`z A oS AOE BE ni 


s. 


lhe mdini ata i T a 


wie ¿ > 3 
t : r FEN 
p bie Fé - . ee ae 
a > re P f tate 
-~ 2] 


ot al AS aiai o Ain Le tie 


E 3 | What do you mean by programmed F/O ? (See Unita, ans as fie 
; aes Explain the drawbacks in programmed LO and Interrupt sivas By 

ie sik Soe _ (See Unit-II, Page 116,037) 
Draw and explain typical block diagram of DMA. e 


F, . ; (See Unit-T1, Page 131, Q.53) 
(a) Write an assembly program to obtain the multiplication table of 12 
using repeated addition. aa k 


Or 
How is interrupt F/O better than programmed FVO ? Discuss 
completely how the various signals are exchanged during 1O ? 
. i (See Unit-U, Page H6, 0.32) 
Unit-FV 

What is cache memory ? Why is it implemented ? l 

(See Unit-1V, Page 159, 0.26) 
What is cache coherency ? Why is it necessary ? Explain different 
approaches for cache coherency. (See Unit-IV, Page 173, 0.46) 
Draw and explain the virtual memory organization. A 

(See Unit-IV, Page 176, Q.47) 
Explain associative memory with its hardware organization. Explain 
how the data is read and write in the associative memory. 7 
(See Unit-TV, Page 150, Q.19) 


4. (a) 
(6) 
(©) 


(d) 


Or 
What are the various mapping methods used with cache memory 
organization ? Explain any one in detail. (See Unit-IV, Page 164, Q.32) 
Unit-V a 
Explain the basic structure of pipeline processor. 
(See Unit-V, Page 200, Q.5) 
Explain the general instruction format of the vector processor. È 
. (See Unit-V, Page 218, Q,32) 
Write a short note on hypercube interconnection. oe x 
What is the purpose of system bus controller ? Explain how the | 
system can be designed to distinguish between reference to local 
memory and reference to common shared memory: anes 
Or ae 
Draw and explain the: model of crossbar switch organization for 
establishing an interconnection network in multiprocessor system. 
How many switch points are there in a crossbar switch network that 


connects p processors to m memory modules ? Pay Sa 
Si same ee ee TOASA - s r ` ka os ; A 
**Now, according to new revised syllabus of R-GP.V., itis not inchided in sy Babus ; 


ay 


(15) 


: re La fv g questions. In each question part A, B n . 
1 gompulgory:and D part has internal choice. oe si 
= aü AN parts of each question are to be attempted at one Place 
~ Aili} All questions carry equal marks, out of which part A ang p 
Jee. (Max. 50 words) carry 2 marks, part C (Max. 100 words 
oJ) Camy 3 marks, part D (Max. 400 words) carry 7 marks, 
'. «| GV} Except numericals, Derivation, Design and Drawing etc 
a a Unit-} ) 
5 {a Ifthe content of address bus is 0101 and the content of data is 1100 
aod read write signal is 1 (set), then what do you understand by this 
TEDO tnformation? >, siiin j i 
“(bt -Convert the following numbers with the indicated bases to decimal 
GAM, di) 43105 | | 
“ey Biplia a wm inap j TUPE, Fase 8, Probz) 
{e} -Exphain, w you understand by instruction cycle, E in wi 
_._. the help of flowchart. ce ar J ‘i va 
: 4d). ‘Explain:coramod bus system architecture with the help of diagram. 
BE et iat hee AN (See Unit-I, Page 22, 9.28) 
EO eee ar Oe . 
oe ; bier te different types of registers used by CPU, also explain 
the general register organization with the help of diagram. 
rage : (See Unit-l, Page 14, Q.14) 


2 


ie 4. a 
ape BT 


kek 


fuction format ?.Explain different field of 
s ROTEN (See Unit-H, Page 78, Q.44) 
by microprogrammed control ? Explain the 
> programmed control organization. 


+ (See Unit-I1, Page 72, Q33) 


De ee ole We a RA ans eae Se en ot gape Saath E Lal Lg ald te NR AF E Pp mnt Sg 
+ see 
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TER computer hasan instruction format with 
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Sig ees it sia AeA 
aii inai Ronn ais anes DE NGA 


4, (a) Draw the memory hierarchy. 
> (b) Point out the difference between direct mapping technique and 


. = : n . E ES a . pE : 
$ “Now, according to new revised sylla 


~ phe memory unit of a computer has 256 K words of 2 bit each the 

BS A 4 fields. An Doe rijs 

mode field to specify one of seven addressing mades Raper ete 

` feld to specify ane of 60 processor registers and a mem mory pervect à 

Specify the instruction format and the numer of bits in exch ii eltir the 

` jqstruction is in one memory word. (See Unit Page-9-Prob h 

ee | Unit ee ee 

a) write down different modes of data transfer. (See Unit-HL Page 111,0.27) 

(b) Why does DMA have priority over the CPU when both request a 

memory transfer? . (See Unit-Hi, Pape 130, QM 

) What is the basic advantage of using interrupt initiated data transter 
over transfer under program control without an interrupt ? 

: (See Unit-IH, Page 118, 9.33) 

<: (d) What do you understand by program interrupt ? Draw the flowghan 

-for interrupticycle 2 (See Unit-I1, Page 128. Q.40) 


Or. 
What is difference between isolated Input and Output and memory 
mapped Input and Output ? Write different advantages and 
disadvantages of each. : ee 
Unit-IV 
(See Unit-IV, Page 141, Q.4) 


associated mapping technique, with the help of example. 
(See Unit-TV, Page 164,Q,31) 
(c) An address space is specified by 16 bits and the corresponding memory 
space by 8 bits. . Pa 
(i) How many words are there in the address space ? 
(ii) How. many words are there in the memory space?) ps 
(See Unit-1V, Page 191, Prob.10) 
-< (d) Explain the concept of virtual memory with the help of example. 
(See Unit-IV, Page 176,Q.47) 
not OF Á 
A digital computer has a memory unit of 64 K x 16 and a cache 
memory of I K words. The caches uses direct mapping witha block 
‘size of four words — 
(i) How many bits are there in the tag, index, 
address format ? sa ae HE Be a 
(ii) How many bits are there in each word of cache arid how are they 
divided into functon ? Include a valid bit. gaat, Pe 
iii 3i cache acc a ya Rates 
(iii) How many blocks can the ca eae 4,Probié 
bus of R.G.PV., itis not included in syllabus 
PERE eS a: ye A T 


block and worta of 


i pipeline? Ger Dev, KOS 
poo bereen ` syichronous } bus and aŝynchronous a bac 
a. of multiprocessor. sey. 
ES (Sea Unit-V, Page 227. 
rence and why i is it important in shared me "Q37 
h? Howi can this problem be resolved with sp 0 
; eh (See Unit-iV, vPage 173 on 
or Go ; : 6) 


te 


{PH Answer five questions: Th edch question part A, B, C js 

= x compulsory and D part has internal choice. 

ni fii) All parts of each questions are to be attempted at one place. 
ae ii} All gnestions carry equal marks, out of which part A and B 

(Max. 50 words) carry.2 marks, part C (Max. 100 words) 

v carry 3 marks, part D (Max. 400 words) carry 7 marks, 

ghey PR Except numericals,: Derivation, Design and Drawing etc. 

oe Unie 

5 io What is registers 7 2 (See Unit-I, Page 12,Q.11) 

T fb}. Write. down the basic. Anaon of computer. (Seé Unit-1, Page 3, Q.1) 

to Define implicit andi register addicssing mode with example. 

he {See Unit HI, Page 104, Q.24) 

i - Explains Von-Neumann model far computation. 

seg Be es (See Unit-I, Page 10. Q.6) 


“Daw the block. diagram of 2085 mileteprocessor. 
. Unit-If : 
iy Whai is the. parity bit and why we use it ?(See Unit, Page 63, Q) 
. {b} How the selection of address is done in control memory. 
> fe) Draw bnd explain typical hardwired control unit. 
"(See Unit-I Page 69, Q3) 
a) “Whit s are the major design considerations in micro insiructio® 
sequencing ? > "(See Unit-H, Page 80, Q4? 


a ing rota ofR.GE Ya itis not included í in syllabus 
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te f Or 


aye Explain f floating vitat representation with example. 
ge ‘Unity ee ent age dak 
_ Define the term I/O interface. pe gas 
Define the term simplex, half duplex and full sae! rw 
List the features of IOP. (See Unit-111. Page 136, 0.8%) 
Explain the different modes of data transfer between-the central 
computer and F/O devices. (See Unit-f, Page 111,.0.27) 
Or- 
Explain hllsichalcicti method of asynchronous data transfèr with diagram. ** 
Unit-IV 
What is he use of virtual memory in computer system ? 
(See Unit-IV, Page 176, Q.47) | 
Explain the operation of cache memory.(See Unit-IV. Page 157,Q. 23) 
What is Content Addressable Memory ? What are its advantages ? 

- (See Unit-IV, Page 150, Q.19) 
Draw block diagram of memory hierarchy in a computer system 
and explain in brief. ae (See Unit-IV, Page 140, Q3) 
Write short notes on ‘Memory Management Harara, 

Unit-V 


What is Flynn’s Taxonomy ? 
What is Multiprocessors ? 
What is parallel processing 
processing. 

Give a summary of arithmeti 
for the vector architecture. 


Ke 


(See Unit-V, Page 196, Q. 2) $ 
(See Unit-V, Page 221, Q.36) 


? Explain the significance of parallel 
(See Unit-V, Page 195, Q: 


c and logical operation that are defined: ` 


tan 

o~_ Y 
5 

— 


Or 


What are the different forms available to establish 


an inter-connection 
network ? Give the summary of those. re RRR 


(i) Answer five questions. In each question part A A, -B, c is. 
compulsory and D part has internal choice. me : 
(ii) AH parts of each question are to be attempted | at one en e : 
—_ 
“Now, according to new | revised wae of RGRV, itis not inched ii syllabas 
Pop ‘ l 


Bs ta i oa PEE ee A i ; A , T 3 ? gi 


"OD 


sual ara out of which part A y 
7s marks, part C (Max. 109 on B 


’ “Whites auxiliary memary ? {See Unit-LV, Page 146, Qu 
ee apie sh: features of Von-Neumann Model. 
(See Unit-1; Page 14, 0. 


a ‘wnat is traction format ? Explain various instruction format, 
(See Unit- Page 94, Q.12) 


6) 


Explain diem microopeation with aial {See Unit-1, Page 33, Q.37) 
: UNIT-H ` 
ia) Define Micto-pfogram. ` (See Unit-H, Page 79, Q.45) 
ib} What is nano programmed control unit ? ee 
5 te). Differentiate between hardware control unit and micro programmed 
es ee control uot. : { (See Unit-IT, Page 74, Q.36) 
ot} Hardware control: “pit is faster than micro. program control unit, 
4 hnil this statement, (See Unit-H, Page 74, Q.36) 
8 os i er T Or 
` “How i is. multiplication of floating point number achieved ? Explain 
z + sing fow chart, © (See Unit-If, Page 68, Q.29) 
Dt UNIT - TH 
k tay What is DMA” 2. 
ie AB) What is the role of a 


(See Unit-IIL, Page 129, Q.46)_ 
ptiority interrupt ? (See Unit-III, Page 1230.37) | 


te) What do- Te meawoy menal transmission pnd Parallel transmission 
os ef data 2. os | 
Ki Compare and contrast DMA and F/O piire iiics. ; 
eA TO i a A Page 138,Q.61) | 
Seet f $ 
daisy one Priority for data trarisfer 
Pate : j (See Unit-Ii, Page 126, Q.42) 
ENA RE CUNIT-1v 
O) What sine (Bee Unit-1V, Page 140, Q3) 
z teristics of “Cache memory ? . 
(See Unit-1V, Page 158, Q. oo 


e Write about the asda for n memory management. 
iow, aeCd t ' 
rding sanen rrecn „itis not included in syllabus 
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1 


carry 2 
i TED p (Max. 400 words) carry 7 mark, rds) 
‘ see cee Derivation, Design a Drawing etg. 4 
ites See e+ SUNITA | 
49 4 
ah Why asad bur mild 2 i 4 
i {See nit-I, Pare 22, "Q27 i 


3, ê 


Note : 


“gxplain how associative memory page table is used for eftiontive 
: “0 storage | e utilization. {See Unit-tv, Page 155, 9. 22} 
Ae Or 
with the help of PANE explain how cache is adt ‘in eae EF 
piaia, Explain mapping techniques. (See VnitIv, KARETI, 0.34} 
UNIT-V 

) What is Flynn’s Taxonomy ? - (See Unit-v, Page 196, Qn 

(b) What is inter-connection network ?- k 

(c) Define multiprocessor. Explain clearly the chhareuteintics oF 

multiprocessors. (See Unit-V, Page 221,.Q.36) 
40) Differentiate between arithmetic and instruction pipeline. 


(See Unit-V, Paye 211, 0.1% 


Or 
Give definition of vector processing. And enlist its application. 
(See Unit-¥, Page 217, Q.29) 


re Ghee 
B.E. (Fourth h Semester) EXAMINATION, June 2017 

Choice Based Credit System (CBCS) i 

s COMPUTER ARCHITECTURE 3 


(i) 
(ii) All questions carry equal marks. 
Describe Von Neumann model with the help of diagram, 

(See Unit-I, Page 10, Q.6) . 
Using 8 bits 2’s complement integer, show how to perform the- 


Attempt any five questions. 


subtraction operation 18-16. (See Unit-H, Page 61, Prob.14) 
What is the decimal value of the following unsigned binary integers ? 
Explain hardwired micro-programmed control unti.  ' : 
(See Unit-II, Page 72, Q.34). 
What are different addressing modes ? Explain each of them. 
(See Unit-Iit, Page 105, Q. 26) 
Write comparison between RISC and CISC. (See Unit-IIl, Page 104,Q.21) 
Explain DMA with the help of block diagram. (See Unit-ff, Page 131, Q. 53), 
Explain how a stack is implemented in the memory system ofa computer. - 
(See Unit-IIl, Page 87, Q.4) 
Explain ations auxin and associative memory. : 2 
(See Unit-1V, Page 153, Q.20) 
Describe the concept of virtual memory. (See Unit-IV, Page 176,Q. AT) : 
a on 
T according to new revised syllabus of GP Vitis not included iù rnb 
(21) 


wn 
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w 
— 


= eae x tation, 
pane è anid segemen 
coven get fee U nit-T¥, Page 181 Qiz 
ge celacement algoritm with the heip of cxam Mple * 
e See U init-IV, Page 18%, Q. 53) 
sand byimultiprocessor ? Write its. characteristics 
{See Unit-V, Page 224, ‘Q36 


(Sec Unit-V, Page: 204, Q. 6 
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si oi {See Unit-¥, Page 219, Q.33) 
(See Unit-MI, Page 122 Q. 36) 
f (See Unit-t, Page 91 ‚Q. 8) 


aain Bn sg 


í t- Attempt aay five questions, each. question carries equal marks. 
N wD “Assume suitable data if missing. 
> ta) Whit is Von-Newmann. model of computer ‘ ? Explain its various 
SON _ subsystems, ; . (See Unit-1, Page 10, Q.6) 
cl gS Disenss i in brief about kagi and Shift Micro-apedbionstd ? 
» (See Unit-l, Page 33, Q.36) 
A ta). What be: the different: ways of respresenting a signed number and 
3 y i what is the best: way: OF representation‘ ? Why 2 
{Sce Unit-If, Page 42, Q.8) 


s complement notations stand 


-for positive or negative: numbers. Give their values in decimal 
> numbers: : ; 


a NLT 10000 
ii) NOO 
O 40001111 
“Gop 01010101. . 


ae: Dain: whether the following 2° 


ard “(Gee Unit-0, riet 43, P rob.3) 
@ Compare RISC aa: CISC characterises. 


(See Unit-Lil, Pagel 104, Q. 22) 


b) Discuss ehe fillowing with examples, 
ee Zero-ad if 
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4 g. Write short notes on — 


a E table. 
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(ii) One-address. instructions, 
(iti) JTwo-address instructions. ý 
i (See Unie- Fpi @. om 
P Explain i m detail various fields of microinstruction format with: 
at diagram. (See Unit-1 Page 78, Q. 44) 


} “Write in detail about the al of hard wired control unit. 


(See Unit-3h, Page 69, Q AY ). 
ú Write aboiit various types ‘of ROM Chips. 
{See Unit-1v, , Page 144, Q.) 
a What do you mean by associative memory ? T Explain it with block 
diagram. (See Unit-IV, Page 150; Q, 19) - 
) What is M emory Hierarchy ? And sli the need forit. 
(See Unit-TV, Page 149, Q. 3) 
(œ) What is a DMA scheme of data transfer ? Discuss its operating: 
"principle ? . (See Unit-ILL, Page 132, 0.54) 
(a) What do you mean by es ? Explain pipeline conflicts. 
(See Unit-V, Page 214, Q.22) 
(b) Prove finat a K-stage linear pipeline can be at most K-times faster 
than that of No pipelined serial Proceso (See Unit-¥, Page 201, Q8 


; {b 


(See Unit-IH, Page 104, Q.23) i 
(See Unit-IV, Page 176, Q.47) 
(See Unit-U1, Page 136, Q.60). 


(a) Addressing Modes 
(b) Virtual Memory 
(c) Input Output Processor. 


(i) Total number of questions are eight. 
(ii) Attempt any five questions. 

(iii) All questions carry equal marks. ee 
t. (a) Draw Von Neumann model of computer and explain all the 
, subsystems of computer. (See Unit-1, Page 10, Q.6) 


(b) What do you mean by logic micro operation ? Explain any four of 


ith its function 
l tations; Draw one stage of logic unit wi 
cate ; e Unit-t, rage 35, Q. 39). 


Note: 


Bs 


pee ` computer Architecture 
| p's and 2’s complement numbers wj 


~ 
h a d ». 
2. da) Explain sign magnitude (See Unit-ll, Page 4g p, 4 


range for eight bit registers. 
at) Explain: the process of multiplication using BOOTH method, 


> Solve =5 x 2 using Booth method, (See Unit-If, Page 61, Prop | 
EO What do you mean by zero, one, WO and three address i instruc ction 


7 Give suitable examples. (See Unit-H1, Page 97 Q. 7 
“by Explain PUSH and POP instructions. Differentiate infix and p Posty 
notation with an example. (See Unit-Ill, Page 89, P 


g ta) Explain the three ways of data transfer to and from peripherals, 
(See Unit-ill, Page 112, Q. 27) 
(W Whatis Cache ? 9? Explain the principle of “Locality of references» 
—. Enlist and coe replacement algorithms. 
| (See Unit-LV, Page 172, Q, 45) 
$, {a} Explain hit ratio. Generate expression for hit ratio. Drive an expression 
for “effective access time (te)” ift; and tg are access time of cache 
atid main memory respectively, h, is the hit ratio of cache. 


(See Unit-IV, Page 170, Q.42)} 
ib) What is mapping ? Name all the types of cache mapping and explain 
any one in detail. (See Unit-1V, Page 164, Q.33) 


6. (a) What is multiprocessor ? Explain the characteristics of 
multiprocessors. (See Unit-V, Page 222, Q.36) 


| | (b) Defiggth the terms = Pipeline, speed up ratio and memory interleaving | 
í i i (See Unit-V, Page 221, Q.35) 


a AR a), Draw block CAN of memory hierarchy of computer system. 
: . Explain why 3 level hierarchy is necessary. 


? (See Unit-IV, Page 142, Q.5) 
: b Write à short note on virtual memory. (See Unit-IV, Page 176, Q.47) 


3. (a) Page fault (See Unit-[V, Page 188, Q. 61)! 4 
(b) Daisy chaining (See Unit-Il, Page 126, Q.42) 
(c) Contro! memory : (See Unit-Il, Page 77, Q.40) 
| È (d) Shift micro-operation (See Unit-I, Page 32, Q.35) 
4 r A 
ad | 
Hag 
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